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Photo: Courtesy Warner Electric Brake & Clutch 


“D Preloaded Double Row Bearings Solve 
Kretting Corrosion Problem thn Electric Clutch / 


CUSTOMER PROBLEM: 


Fretting corrosion of automobile air con- 
ditioner electric clutch bearings due to engine 
vibration. Application requires compact bearing 
design and positive lubricant sealing. 


SOLUTION: 


N/D Sales Engineer, working with the manu- 
facturer, suggested replacing two single row bear- 
ings with one internally preloaded New Departure 
Double Row ball bearing with shield and Sentri- 
Seal. The preloaded angular contact construction 
of these New Departures offered maximum 
resistance to combined radial and thrust load 
deflections, plus freedom from effects of engine 


vibration. Problem of fretting corrosion was elimi- 
nated by producing bearings with accurately 
determined internal compression. Lubrication of 
bearing was assured for life by New Departure’s 
exclusive Sentri-Seals . . . dirt was sealed out 
under extremely contaminating conditions. In 
addition, the compact size of these double row 
bearings eliminated a tough assembly problem . . . 
and provided savings in both space and costs. 


When you’re faced with a bearing problem, why 
not call on New Departure. Chances are there’s 
a precision N/D high production bearing that 
will solve it. For more information, write New 
Departure Division, General Motors Corporation, 
Bristol, Connecticut. 


Replacement bail bearings are available through United Motors System and its Authorized Bearing Distributors. 
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BALL BEARINGS 
proved reliabilit Rf you can build around 
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A rugged, dependable new shaft seal 
for a broad variety of applications 


NATIONAL BUD* SEALS 


410,000 series 450,000 series 


New designs proven in 4 years 
of field application 


Permanent bonded sealing lip, 
longer life, leakproof sealing 


Rugged case won’t distort under 
severe press fit 


National Seal engineers — who brought you 
Syntech® and Micro-Torc®—now offer a ruggedly 
simple new advance in precision shaft sealing 


—National BUD (Bonded Universal Design) Oil 
Seals. 


BUD seals are designed for a broad variety of ap- 
plications, including many where more complex 


*TRADEMARK NATIONAL SEAL 


California. 


1959 * NOVEMBER * AGRICULTURAL ENGINEERING 


NATIONAL SEAL 


Division, Federal-Mogul-Bower Bearings, Inc. 
General Offices: Redwood City, California 
Plants: Van Wert, Ohio; Downey and Redwood City, 


470,000 series 480,000 serie 


STANDARD LOW-COST UTILITY DESIGN 


Phosphate coating avoids rust 
Seal has superior concentricity 


Sealing materials for temperatures 
—-65° F to 400° F 


Operates in most oils or 
industrial fluids 


single-lip and double-lip designs were previously 
specified. 


Full details and application engineering help on 
National BUD or other oil seals are available from 
your National Seal Division, Field Engineers. See 
the Yellow Pages under “Oil Seals” or write direct 
to Redwood City, Calif., home offices. 
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Motion Picture Progressometer 


URING the Winter Meeting of ASAE held in Chicago in 
December 1958 a goal and target date for completion of 
an ASAE motion picture were established. A contract had 
been signed with the Motion Picture Service of the U.S. De- 
partment of Agriculture to supervise production of film, sup- 
ply technical advice for shooting and production and exercise 
full responsibility for making a 1314-minute movie in full 
color and sound. Purpose of the film is to acquaint high 
school students possessing engineering aptitudes and an interest 
in agriculture with the challenges and opportunities offered by 
the profession of agricultural engineering. 

Filming of the picture is now. under way and copies have 
been promised by June 1960. The goal of $23,000 was estab- 
lished by the ASAE Motion Picture Production Committee as 
necessary for completion of the project. Funds to meet the 
goal are anticipated from four major sources, all of which 
have a vital stake in agricultural engineering: (1) college agri- 
cultural engineering departments; (2) ASAE sections; (3) in- 
dustry; and (4) selected individuals. 

In the October issue of AGRICULTURAL ENGINEERING a 
Motion Picture ‘‘Progressometer” was introduced to keep 
members of ASAE, and others interested in the project, in- 
formed of its progress. In October total cash received 
amounted to $2,533.81 and commitments totaled $13,405.00. 
During the past month cash 
received has increased to 
$3,835.96, an increase of 
$1,302.15, and commitments 
increased to $14,755.00, an 
increase of $1,350.00. 

During the month of 
October two additional 
ASAE sections completed 
payment on their respective 
quotas. Latest to join the 2 

; , . 3 
paid-up Sections are Pacific 
Coast and Florida, bringing 22 
the total to 12. Also, since 21 
the Florida Section oversub- 20 
scribed its quota, the total 19 
of Sections that oversub- 18 
scribed has been increased to 


seven. 17 
As reported in the July 16 
issue the category for con- 44 755 99 —_. 15 


tributions for college agri- 14 
cultural engineering depart- +3 
ments, under the direction 
of A. W. Farrall, head of - 
agricultural engineering, WW 
Michigan State University, 10 
and A. J. Schwantes, head 
of agricultural engineering, 
University of Minnesota, 
has exceeded its quota by a 
total of $1,500.00. To date, 
26 copies of the film have 
been ordered. Since pay- 
ment, in most cases, cannot 
be made until delivery of 
film is made this represents 
a large portion of the total 
shown as committed. 
Watch this column each 


oO 


3,835.96 —— 


- NwWAUON @ 


month to observe the prog- RECEIVED 
ress of the Motion Picture | 
yee COMMITTED 
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My thanks 


come easily 


at Times... 
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My thanks come easily 

When my fortunes rise 

And my will is king 

And all the world seems my estate. 


My thanks come easily such times. 


But, wait... 

Today, let me reflect 

Upon those thanks I owe 

But which I find 

Express themselves less fluently. 


Today, let me remember to give thanks, 
Not only for the sunlight, 

But for those darker hours 

That teach me Fortitude. 


Let me profess, today, a grateful heart, 
Not merely for successes I may know, 
But as truly for those failures 

That teach Humility. 


Let me express my gratitude 

For all those petty, inner conflicts 

Which, once resolved, breed new Serenity... 
And for those small, distressing fears 

That have their ways of building Hope. 


Let me breathe appreciation 

For all those poignant slights 

That teach me Thoughtfulness, 

The wrongs that teach me Fairness, 
And for each violated trust 

That leaves Loyalty as its lesson. 


And let me not forget, today, 

To whisper thanks for these: 

The contempt that teaches Pity, 

The tear that teaches Joy, 

The pain that teaches Mercy, 

And the loneliness that teaches Love. 


So, now... 
Let me reflect upon these thanks I owe... 


And let my thanks come easily today! 


Copyright JOHN DEERE 
Moline, Illinois 
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ASIA offers 
| INDUSTRIAL 
SWIVEL CONNECTOR 


to eliminate hydraulic hose 
failure under severe flexing 


— 


Licensed Under 
Pat. No. 2481404 


Ir you have been designing ‘‘around” metal swivel joints 
because of high cost, EASTMAN now offers an economical 
swivel connector for industrial use—precision engineered 
to assure adequate freedom of motion—proved under the 
most rigid government requirements. 


Unique design assures ‘‘ balanced” flow of hydraulic fluid 

] at required pressure—at any angle. Fluid pressure is also 
balanced by a double seal assembly at each end of stem. 
_  Pressure-Balance assures equal internal pressure, causing 
the body to float about the stem, free of end load and friction. 


Eastman Swivel connectors will make your flexing instal- 
lations the most reliable link in your Hydraulic Assembly. 


APPLICATIONS: 

For use on Cranes, Loaders, Earth Moving Equipment, Hydraulic Presses, 
Shears, etc.—wherever unusual flexing and exposure may shorten hose 
life or cause premature failure and frequent replacement. 


_ ECONOMY: 

; Permits use of shorter hose lengths since less hose allowance is 

4 needed for complete extension. Shorter lengths of longer lasting, 
multiple spiral wire high pressure hose may be used, since 
Swivel Connector absorbs flexing motion. 


ADAPTABILITY: 

Body of Connector available with any combination of ends. 

Now available in types and sizes shown at left. Various combinations 
of stems can be interchanged with any body style. 


WRITE, WIRE or CALL about Eastman Swivel 


ARE aremioesae OE oe ee 


SRR ene me pepe ose 


STANDARD SIZES AND COMBINATIONS AVAILABLE Connector Opportunities in Your Line. 
. 
LOW TORQUE—Freedom from friction, even under high pressure. asiman 
WIDE RANGE—Operating pressures up to 5000 PSI. Trouble-free 
operation through wide temperature range. Grrat in? hee field MANUFACTURING COMPANY 


‘ Dept. AE-11, MANITOWOC, WISCONSIN 
ROTATION—Full 360° for all manifolds. 


$iZES—Steel, plated for corrosion protection—4”’ thru 14”. SAFEGUARDING AMERICA’S LIFELINES OF MOBILE POWER 
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Clutch 
Bearings 


Hay Rake 
Bearings 


Idler Pulley 
Assemblies 


Gaze 


Plunger 
Rollers 


PIONEERING EXPERIENCE PAYS OFF 
FOR YOU...WHEN YOU USE BALL 
BEARING “PACKAGE UNITS” FROM Wii 


You simplify production line installation and reduce 
manufacturing costs with “‘package units’ designed and 
produced by BCA—the company that conceived and developed the 
ball bearing “package unit” idea. Bearing, housing and seal are 
combined in one rugged unit lubricated for life and sealed against 
water, dust and grit. BCA “‘package units”’ are available for a very 
wide range of applications including hay rake bearings, idler pulley 
assemblies, clutch bearings and plunger rollers. Count on BCA 
experience to provide ball bearing “package units” that are right 
for you and your customers... whether the application is unusual 
or routine. Bearings Company of America Division, Federal- 
Mogul-Bower Bearings, Inc., Lancaster, Pa. 


BEARINGS COMPANY OF AMERICA 
DIVISION OF 
Federcai-Moogvi-Bower Bearings, inc. 
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Report to Readers... 


' 
CHEMICALS MAY REPLACE HAND LABOR FOR "Chemical control of weeds has made pos- 
CONTROL OF WEEDS IN PRODUCING COTTON sible a greater reduction in the cost of 
producing cotton in some areas than any 
other development during the past 50 years. In fact, it is not too difficult to 
believe that, within the very near future, hand labor for removing weeds in cot- 
ton on mechanized farms will no longer be needed." ... . That statement sum- 
marizes the opinions of a research team — an agricultural engineer and a plant 
pathologist — based on their field studies at the Louisiana AES and reported at 
the 1959 ASAE annual meeting. .. . . Chemical control of weeds in cotton, say 
these researchers, is fast becoming a common sight in some areas of the cotton 
belt. Applications of pre-emergence herbicides are made (separate from plant- 
ing) with a single, flat fan-type nozzle (of 0.3 to 0.5 gpm capacity) mounted 
directly behind each planter press wheel. For post-emergence applications, flat 
fan-type nozzles with a discharge capacity of 0.05 to 0.10 gpm are used. .... 
For applying herbicides at the last mechanical cultivation of the crop, high- 
clearance sprayers are used with one or two nozzles to direct the spray solution 
over the entire area between the rows of cotton. Off-center flat fan and flood- 
ing-type nozzles have been used successfully for this application in which 15 to 
30 gallons of spray material are applied per acre. These lay-by applications 
are becoming increasingly popular since they decrease the number of mechanical 


cultivations needed and help provide weed-free cotton to facilitate mechanical 
harvesting. 


IRRIGATION GOES UNDERGROUND A California engineer, after several years of re- 
AND CUTS EVAPORATION LOSSES search and experimentation, has developed a new 

irrigation system which he believes will practi- 
cally quadruple a farmer's available water supply. The basic feature of this 
System is a ceramic container, or "wick," to which irrigation water can be fed 
by plastic pipes placed at intervals underground. .. . . Development of the 
wick is a new application of the law of capillarity and is the result of exten- 
sive experimental work with various materials to produce a wick that will give 
precisely the right porosity. Successful applications of the new system have 
been made to the irrigation of grass and row crops and slopes, and further re- 
search is to be made on its adaptability in general agriculture. Research re- 
sults thus far indicate that the wick system requires about one-fourth as much 
water as would be needed by the furrow system. Moreover, not only evaporation 
but also runoff, seepage and deep percolation losses are eliminated. Another 
advantage claimed for the new system is in the application of liquid fertilizers 
and of chemicals for the control of plant pests and diseases. 


ENGINEER STUDIES PERFORMANCE Not many pieces of mechanized farm equipment are 
OF MECHANICAL SILO UNLOADERS more welcomed by farm workers than the mechanical 
Silo unloader. A wide variety of unloaders has 
been developed and offered to the farm trade. ... . But removing silage from 
a silo, either manually or mechanically, is not a simple operation. Some real 
problems are involved in developing a mechanical device that will satisfactorily 
meet operating requirements. It is by reason of this fact that a USDA agricul- 
tural engineer was assigned to a study of the problem at the Minnesota AES. Sev- 
eral types of loaders have thus far been studied. These studies showed that un- 
loading time varied widely. For example, using a 3-hp unit in a 14-foot silo, 
the rate of unloading varied from 80 to 180 pounds of silage per minute. An im- 
portant requirement for best operation of the mechanical unloader is that the 
silo interior be a perfect circle. . .. . One of the main obstacles to the suc- 
cessful use of the silo unloader was found to be frozen silage. This condition 
was most prevalent where moist air from the barn entered the silo, and to over- 
come it the engineers recommend installing an exhaust fan in the dairy barn. 


(Continued on page 648) 
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The HEART of this 
Brunswick-Balke-Collender AUTOMATIC PINSETTER 


Ball Turret Bearing 


... chosen for accuracy, dependability and 
unfailing service on an exceptionally intri- 
cate piece of equipment—a marvel of design 
and production ingenuity. 


‘ The entire mechanism revolves on this one 
bearing. After collecting and elevating the 
pins, they are positioned in a revolving 
“turret”? where they are held until the last 
pin is received. As this last pin drops through 
the center of the Aetna bearing, it activates 
the catch mechanism and pins are released 
into position in the “‘deck.” The “‘deck”’ in 
turn sets the pins upright with correct spac- 
ing and arrangement on the alley bed ready 
for bowling. 


Quick, dependable performance is the key 
to the success and widespread adoption of 
the Brunswick Pinsetter. It must function 
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perfectly, steadily, accurately—game after 
game, day and night—without maladjust- 
ment, breakdown or delay—and it is in just 
such service that Aetna Bearings prove their 
stamina, perfect workmanship, accuracy and 
dependability. Despite the fact that the pins 
vary slightly in weight, the Pinsetter con- 
tinues to perform smoothly and accurately 
on its main Aetna Bearing which remains in 
correct alignment at all times and operates 
quickly, smoothly, unfailingly load after load. 


Equal performance and dependability are 
built into your products when you specify 
Aetna Ball and Roller Bearings. Call your 
local Aetna representative listed in the Yellow 
Pages of your Classified Telephone Direc- 
tory, or write direct for General Catalog 
and Engineering Manual. 


BALL AND ROLLER BEARING COMPANY 


DIVISION OF PARKERSBURG-AETNA CORPORATION e 4600 SCHUBERT AVE. e CHICAGO 39, ILL. 
In Detroit: SAM T. KELLER, 1212 Fisher Bldg. 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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a ele Report to Readers (Continued from page 646) 


RESEARCH TEAM SPECIFIES EQUIPMENT A California AES research team — a nematol- 
FOR CHEMICAL CONTROL OF NEMATODES ogist and an agricultural engineer — re- 
ported recently on a study of special 
interest to research and development engineers because of the emphasis on equip- 
ment requirements resulting therefrom. ... . Equipment for applying nemato- 
cides follows the general design of pesticide sprayers, dusters and granule 
applicators; it is similar also to devices for applying fertilizers. The one 
important difference that exists — and that greatly alters the equipment require- 
ments — is the very low application rate at which mematocides are applied, 3 to 
20 gallons per acre being the usual application, depending on material used and 
plants treated. These low application rates require precision metering equip- 
ment and careful calibration. .. . . While dusts are used but little for nema- 
tocide formulation, granulars made up in the usual size range of 15 to 60 mesh 
have been found satisfactory for many applications. The advantage of granular 
materials is that they are more easily handled than liquids, are less volatile, 
and lend themselves to low metering rates. The usual fluted-feed seeder device, 
augers, chain feeds, endless belts, revolving plates and simple paddle-over-ori- 
fice systems will handle rates as low as 2 pounds per acre at 12-inch spacing. 
The endless-belt and double-revolving-plate types have perhaps the greatest ac- 
curacy of the several systems. Since fertilizers and nematocide materials are 
now made up in granular combinations, the California researchers recommend any 
of the better fertilizer-type metering devices as suited to these materials, the 
revolving plate, endless belt, and simple agitator over orifice being in common use. 


COORDINATING WEATHER DATA Missouri AES agricultural engineers have developed 
WITH THE DRYING OF GRAIN a method by which weather data can be processed to 

yield information in connection with two phenomena 
associated with grain drying, namely, (a) the average Btu per pound of air avail- 
able for drying a grain mass of known moisture content and (b) the average tem- 
perature of the portion of the grain mass that would be the last to dry if the 
air were forced through the mass. The method is based on the development of 
mathematical models that can be programmed on modern electronic calculators. 
The data put into the machine consist of hourly readings of wet and dry-bulb 
temperatures. .. . . The study considered six levels of “equilibrium moisture 
content," which is defined as the ratio of the vapor pressure of the moisture 
in the grain to the vapor pressure of pure water at the same temperature. 


EFFICIENCY OF HAY DRYING IN TERMS "Hay harvested at the best stage of matur- 
OF HAY CONSUMED AND MILK PRODUCED ity and then barn-dried will, when consumed, 
produce 2000 to 2800 pounds of milk for ev- 
ery ton of hay eaten." That statement was made recently before an ASAE meeting; 
it also assumed a specified harvesting procedure: cutting and crushing in the 
forenoon, raking at midday while the leaves were still damp and tough, baling 
or chopping about midafternoon with moisture at 35 to 45 percent, and drying 
overnight on wagons with heated air or in the mow with natural air. ... . The 
point was made also that milk production from hay fed to cows is reduced 10 to 12 
pounds per day for each week cutting is delayed after June 6 (in the US north- 
east), and the best second cutting is not as good as the first cutting before 
June 10. ... . If hay is cut at the right stage of maturity and barn cured, 
it can produce a larger return per acre, when fed to dairy or beef cattle, than 
a crop of corn, wheat, oats, soybeans or other small grains. ... . The speaker 
further contended that barn hay-drying equipment is twice as profitable an in- 
vestment as a bulk milk cooler, which has already proven to be a good investment 
for thousands of dairy farmers. It was further stated that where the installa- 
tion of a bulk milk cooler has increased farm income $3 to $4 a day, an equiva- 
lent investment in a hay-drying installation would result in an extra income of 
$7 to $10 per day. 
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When the clutch pedal is not depressed, both the 
transmission and PTO clutches are engaged. 
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At the halfway mark (you can feel it) only the PTO 
clutch is engaged. The tractor stops. 
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SPICER’S 
DUAL DRIVE 
CLUTCH a When the clutch pedal is fully depressed, both the 


transmission and PTO drives are disengaged. 


Controls Both The Transmission And PTO With A Single Two-Stage Pedal 


In the Spicer Dual Drive Clutch, both a tremendous advantage to the farmer who 
the transmission and the PTO drives are is baling heavy windrows of hay, picking 
operated by a single two-stage foot pedal. a high-yield stand of corn, or doing any 
This design leaves the operator’s hands number of tasks. For greatest safety, the 
free at all times for safer steering, faster tractor and PTO work may be instantly 
gear changes and precision implement stopped by completely depressing the pedal. 


adjustments. Add to the safety and efficiency of your 

For added efficiency, the tractor can be tractor design by incorporating a Spicer 
stopped while the PTO continues running Dual Drive Clutch. The Dana engineers 
... Simply by depressing the clutch pedal __ will be glad to help you with any clutch 
to an easily recognized mid-point. This is or transmission problem. 


A SERVING TRANSPORTATION AND AGRICULTURE — 
Transmissions « Auxiliaries ¢ Universal Joints e Clutches 


Propeller Shafts « Power Take-Offs « Torque Converters 


— ORPORATI On Axles e Powr-Lok Differentials ¢ Gear Boxes e Forgings 


Toledo 1, Ohio Stampings e Frames ¢ Railway Drives 
Many of these products are manufactured in Canada by Hayes Steel Products Limited, Merritton, Ontario 
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LOW COST BUSHINGS with Bearing Performance! 


Bimetal bushings, in a variety of alloys on steel, provide 
bearing load-carrying qualities, with the advantages of low-cost 
production. Quality-controlled manufacturing to your speci- 
fications. Complete engineering service. Write: 
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FEDERAL-MOGUL-BOWER BEARINGS, 


FE | 
INC., 


. ¥ ae 
Copper-Alloy Spacer Bearing-Surfaced 


om &. 2 
Aluminum or Ce 18? 
Lined Tubes Thrust Washers Babbitt Lined 
; RESEARCH DESIGN ° 


METALLURGY ° 


PRECISION MANUFACTURING 
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More zip...less slip... 


big lift 
GQ ilit: 
Powerful IH tractors have the sure-traction 


and big hydraulic “muscles” to 
load and haul record manure tonnage 


Slam an IH tractor and its brawny loader into hard-packed 
manure to cram the fork full when others can’t. Feel how 
big power, big wheels, and balanced weight give you sure- 
traction even in slippery lots. Smooth, peppy IH engines, 
that seem to “‘see’”’ the load coming, power you through tough 
spots where others slow or stall. 


“Live” hydraulic power keeps raising loader fork as you 
clutch or shift to shorten the loading cycle. This high-volume 
hydraulic power gives McCormick® loaders tremendous break- 
away lift...helps you load big spreaders minutes faster. 
You power-steer your way in and out of tight spots and across 
deep ruts with one-handed ease. And faster tractor speeds 
and bigger-capacity McCormick spreaders help you spread 
tons more manure in a shorter day! 


qGeen low sheds and tight corners easily with low-profile 
International® 240 Utility, and close-coupled McCormick No. 20 
loader. This rugged loader lifts 900 Ib...dumps fork clean at 
nearly 8-foot height. Tidy up quickly with handy rear blade. You 
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ee 
.. 
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Power-load a 95-bushel spreader in a hurry with this 
International 340 Utility tractor and a McCormick No. 34 loader. 
Even in cramped and muddy lots, IH power steering, 2-way control 
of bucket and boom, and optional Fast Reverser cut loading time 
way down to help you move tons more manure daily. 


Power-away your loading and hauling jobs fast with 
IH tractors and McCormick equipment to gain extra 
field time worth hundreds of dollars. See your IH 
dealer for more facts, and a good deal! 


MATCH YOUR PAYMENTS 
TO YOUR INCOME 


See your 
INTERNATIONAL 
HARVESTER 
® dealer 
International Harvester Products pay for themselves in use—Farm Tractors and Equipment 
... Twine... Industrial Tractors and Equipment . . . Motor Trucks . . . Construction Equipment — 
General Office, Chicago 1, Illinois 
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control this blade precisely with Tel-A-Depth. 


Haul more loads in a day with faster transport speeds. Torque 
Amplifier drive gives Farmall tractors two road speeds. You can 
start a heavy load like this 95-bushel McCormick No. 31 spreader 
in 5th-TA, and when the load is rolling, instantly step up to 16/2 mph 
without shifting gears. 
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Constant Ratio 
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i @ Ross variable-ratio steering gives 
' 
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: Variable* Ratio 
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faster steering and quicker recovery for 


= 


turns... and slower steering and greater 


“uj 
4 
t 
' 
‘ 
*Originated and developed by Ross : 


stability for straight-ahead handling. 


Ross invites your inquiry. 


ROSS GEAR AND TOOL COMPANY, INC. - LAFAYETTE, INDIANA 
Gemmer Division + Detroit 
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The simple push of a button on the instrument panel 
delivers refinery-pure lubricant under high pressure 
from acentral reservoir to all bearings simultaneously, 
any time the engine is running. Adjacent signal light 
flashes on when lubrication cycle is completed. 
Featured as standard equipment on the new 
Minneapolis-Moline Customatic 570 Harvester. 


VACUUM MANUALLY ae 
OPERATED OPERATED 

on self-propelled on attachments, 

or engine-powered pull-type or 


machines mounted machines 
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LUBRICATES ALL BEARINGS IN SECONDS! 


B INCOLN ENGINEERING CO. 


Divisionof McNeil Machine & Engineerin. Ca, 


ST. LOWS 20, MO. 


By designing this low cost, automatic lubrication 
system into your farm implements, you automatically 
increase their efficiency, economy, service-life, and 
sale-ability. Here’s how Lincoln MULTI-LUBER 
Systems pay off: 

1. Eliminate down-time and man-hours for lubrica- 
tion. Increase number of daylight production hours. 


2. Increase life of — and moving parts... 
reduce maintenance cost . . . insure complete, posi- 
tive lubrication. 


3. Prevent breakdowns before they start— win dealer 
and customer satisfaction. 


4. Keep implements running smoothly, efficiently in 
any weather. 


5. Prevent waste and contamination of lubricant. 
System is completely sealed. 


G. Last for the life of the original equipment itself. 


MAIL THIS COUPON TODAY 


Address 
City Zone State 


i] 
§ LINCOLN ENGINEERING CO. H 
; 5702-6 Natural Bridge Ave. } 
St. Louis 20, Mo. 
‘ . i 
; Please send my copy of Catalog No. 811R giv- 
1 ing complete specifications on Lincoln MULTI-LUBER ; 
§ Systems. Also, booklet of typical engineers’ ques- 4 
; tions and answers about the MULTI-LUBER. ; 
Name Title ; 
Company ' 
' 
t 
' 
t 
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helps balance 
chicken-brooder design 


Burner parts made of Armco Stainless Steel help 
provide balanced design in chicken brooders. 


; New steels are , 


In agricultural equipment farmers 
want dependable service from every 
part . . . regardless of the severity of 
operating conditions. This is why 
Brower Manufacturing Company, 
Quincy, Illinois, designed Armco 17 
(Type 430) Stainless Steel into the 
burners of their Kero-Gas Brooders. 

These brooders are fired by evapo- 
rating kerosene that puts the flame 


born at 


directly in contact with the stainless 
steel burner screens. “As you can 
well imagine, these screens get red- 
hot while in use, so we need a ma- 
terial tat will stand up,” states a 
Brower official. 


Many Grades 


Whatever your design problem, 
chances are that you can find the 


solution with one of Armco’s 
Special-Purpose Steels. Besides a 
vast array of stainless grades, Armco 
produces special coated steels and 
coated welded steel tubing. For sug- 
gestions in material selection, just 
write Marketing Service Depart- 
ment, Armco Steel Corporation, 
2739 Curtis Street, Middletown, 
Ohio. 


ARMCO STEEL 


Armco Division + Sheffield Division * The National Supply Company + Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation 
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Telescoping Drive Lines. 


Safety Shielded, and 
Safety Clutch Assemblies. 


Quick Disconnect for 
standard or 1000 RPM. 


Single Universal Joints. 
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GASKETS - 
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ae eae 
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How JOHN DEERE seais 
an intricate block casting 


JOHN DEERE engineers assume no limitations on 
what can be done with gaskets. For example, take the 
case of sealing the Model 620 tractor engine. 

Intricate block design created the problem of effec- 
tively sealing the coolant ports beyond the area of stud 
loading. The seal would have to compensate for heat 
expansion and shifts of the water holes in the block 
casting. Compressed thickness and resilience of the 
gasket overall would have to be balanced to insure 


maximum sealing of combustion chambers, exhaust, 
fuel and air ports. 


Solution Comes from Standard Design 


How JOHN DEERE engineers in cooperation with 
Victor specialists solved this problem is shown here. 
This partial modification of the standard VIC-2-FOLD 
design suggests the flexibility and wide scope of eco- 
nomical sealing service available from Victor. 

Whatever you have to seal with gaskets or oil seals, 
Victor’s unmatched facilities are yours to use. Contact 
your Victor Field Engineer or the factory. 

Victor Mfg. & Gasket Co., P.O. Box 1333, Chicago 
90, Ill.—Canadian Plant: St. Thomas, Ont. 


PACKINGS - OIL 


VIC-2-FOLD modern metal-asbestos de- 
sign insures tight sealing of combustion 
chambers, exhaust, fuel and air ports. 
Steel bottom layer, turned up and over- 
lapping copper top layer at combustion 
openings, gives strong protection against 
breakdown and blowout. Copper top, 
turned down and overlapping steel layer, 
protects against corrosion. 


VICTOPRENE insert, bonded to steel bot- 
tom layer, with overlap on openings, pro- 
vides tight sealing of coolant chambers. 
Victoprene was selected for its lowest 
compression set values. 


Shim stop of brass, riveted to bottom steel 
layer, prevents excessive compression on 
Victoprene insert. 


Industry’s source 
of sound sealing 
ideas for 50 years 


Sealing Products Exclusively 


SEALS > 


MECHANICAL SEALS 


656 


AGRICULTURAL ENGINEERING. > NOVEMBER * 1959 


Se” a Ee "oS ea ma SO Se ie Sie ew eg te a 
joa eo | See es ‘a Geet: See ion) ome a * i es le ae ee 
ae ae ea ee E Be ca geste, Seo a ae : wee ee es: aa i ¥ ee ey ain Be SN Bet ast ye i _ 
a. ods aint 4 AL head 2 Sess os "FRR Cate tt ake Sek eer Bos 28: Sei Rae oth Se 
tee 3 = Bae ye eae tee 4 ~ Oe ea fue, ee Ce, fa ak nena wees ER hoa oo eae ol =e iy? 
ee A ia a ep es ee ee ae 
ae is . — + 
Se caer heals 
n. Po 
wera” aaa ie ee 
me us i 
ee o Bee i 
piece ae a a 
md ieee: ‘ Se 
a oie : mee 
Vitis : Boe 
ere ee et ae 
puree AS ee 
Aes a ae eae 
Bee” Ns Ahan iy fe: 
ee eh {\ a: 
rita Rakes tae: te t-4 re; Wet 
ee Ng = Be. = ee 
~ i: r pes est: 
ee al ; HN DEERE ai ae 
ape 2 ie 4 ¢ oe aS ae eae 
mA Pe si | g i eaten cn =a RO is ae, 4. ota ae 
ee ’ EIR n.. 5 ‘Ber e a ; ia 
a ‘ —— | nil Te lgorm- PF db : purenne 
eo "i s E | a 2° is. En 4 . a a - eS \t se 
tgs gq im =. : <a 
“5 sas ? o >) fan F 7 f ‘teow ne ee 
pee . on yy > 2. ae 7) — ee 
ave # Fy = at Be z Paes 
Be wi ey jj a 5 ie Ghexg 
ie gale 4 a ad 4 . a Sage ‘Cie’ ne 
setae ae * — : a 2 OH i sees 
Tie pie: pn — .s Rees | ee Of es 
pat " guvende es ‘ 5 a : . jhe . A ee 
oe Do bP Gan, : 7 q i Se . ae ex meno 
2 haere | eg FP Pos ae gee e oun ap: core <‘ aye 2 
ee Bia us os ; ee Ga ee 
ered ae A. ‘ Fs ; bys. Be 7 - 
ce r= fe ao - = Fig pe E A Sen an anes a (ie a a 
a ree Ts. anaes Sai, 25 Be ¢ _ mig a. 
ae. ae a a HH Zz = —— ie ies 
ae a Gautiae cone {ie oe Bin : eae 
hai si eo dis : ee ee b- cies 
2 fas “ar tias. 7 _ pu ae Be oo 
ee a SESE pa Be 
eer pee. a , . aoe 
aay Be a ee tia .e 
ae Auk Bare he Bk ee : oar ¥ 
oy | A ege Ca ee bs ees z 
wor rae Sait E ee oes ee : : ERE 
eS “aaa ee aes en a waa: Peer - 
| aa alee yap Be Sag Yall Mee ese : bee € tt 
ee ag ie pees eee Ata the: me ah hr ac 
pre 1 TF ome ze eo eee bg ot 
f. Nees ‘coo =) ee oe jeer oF ys 
ean — «Za ae ; — Seen 
a eee B  _ ae a PJ Bee 
BA aa me 5 Te ge SR AR, roo ee oe Nee 
Sih ae J qa. ever. 2 ieee - aoe eee 
ot Aes i re Soe —— if i gost ee ad 
toe Oar REE. geeeer aig acim 7 a ia 
Nc Sea ees.” eae phe Sa ne a | = a fe 
Se ae Beat “oaiioahes:- vabedea la a oF We ss “a 4 Pee t 
a ES eel a oe = Gaaeeeie =, z ere, Be 
Race e eee eee fon — ; y aa 
ae i ee ee ———— ae 
ee <5 ae 7 (te ; y ee 5 5 ~ gees” Mi a 
a ey Bel ww é ee ee ” i x - de a e ae 
Ripon Qe Oo a are ei oe ge ae ai boa et 
NE ON ign i ea pete mee. 5 ae i ee a yee 3 
ats A a = awk ee i nee i oe aes Rs 
aie. ie ‘ie eee (A BNE oe ama 
Me, Te SNe Gi ha aaa? es ee ee 
Sa et Cc coe Tee P a a oe 
ee le A pee 
ee ee a oe 
(ee = <a. eos 
Rabies Sas ae a 
Wa ee: aie. 
iis ioe om aS 
a nee he 
nee: ae lige 23 
Pon at Se Wasi; 
Pets bas A ee 
7 es! bea 
ck Bik ees 
Sipe ie: ads 
ret tie Be : et 
ean ta® ej 
oo AS oe By! 
syns £ ex 
Se Rd x Byes 
Maes —_—_ 
Pare Bas 3 
aan oie 
ores: ee 
in teaee ae 
* at ‘ts 
i feats os hes 
A a a “Sa 
page| Pe 
Bot tare 
a sia dona oe 
bea fr, eee 
ee B a 
mit Ny cates ¥ % ‘vances 
14 an is a Ts | 
“gta ich : e 
Bina : Pie 
Pesce’ Se 4 | 
Ripa Be 
Tots ae ae 
ed eae BL oe. 
or ee aa De 
Tyee aeeeaetry iss 
eae oes eS 
ce Bukit Sisk a: a 
Sis aes Pare. 
Rabe: Rie pe 
by ea poi, es 
eee ag Cc ey 
fife: uti % ie: 
1A ae eae 
oie Be 
fet ps ea hes 
Heke Noa 
1) ene ae pee 
Pe shar +e 
a peep Sa fie 
a Wie oat ee _ 
Se te SON 1 es 
Beit Ber ote es 
A ocr ees fae xt) as 
“Rested Q \ 5 ee 
rie) Ce 
i‘ ae v ° oy eh 
i kets Z v . av a 
Brae - Virl, > Vv : as 
apa ess M\o\2 e/*/¥ Pa 
eae wanes + /e/ ¥ et 
OT ay y ove n° % 4 teas 
Ree. . QE e. 
tt ee ~ ‘ a ee 
ie ® ~~2- 2 Le wa 
Seer 35 ce Ey 
Bee Ac >> << BS 
| Soha Si “oe 
Lee te. ol ae 
ary) Uae yar au 
ac) aia ae 
Rea on . Sa 
S's, ae yes F Bats 
Set See Sie: r ’ * . 
ie eee eet: 
aE Be 3! mies, 
esl tre te 
ih re a 
bel eee Se 
uh te a 3 oe) 
ioe 2 = - 
Sic [3s tae Bore 
CLS ae se 
AGS ae eet 
= ah eee # 
SHE we: 
ie ae eee ae 
BHee : 
Hr gr: , 3 
ry 8T ‘ile es aes.) a) cl eae a Shei Soy eee SRE SMe eee yee ES SORES Fee ee iG . ere he fet Be Si ‘ z: * —- 
Ja Ft es ear eet eer, Te gaa i IU oh elas? Rete Os hte ae ii. AD 
1 St Salen” Ce Se “> ee a rE et ey i ‘ MMe Ie ad | ee, a 7 
Wise, gee pete ee ees fer eS ate Ee Be ee ce ibe. Tes 
AG Sars a oS ae ghey ee aoe Pee se eae. TCD Lae aes a chieest < a) AT 
at ee om Paka) hed ce cw Br eae ae a ear CNS he eee faye Stra 
ba No oe ie Pee Pe ck aot aps Sa ee ve “3 ee oe acs ree Ns Cree wer rn 
ee. = Paes 8 Fe ee arn ne San Rs aie oa ie ak ay gotta aee fe nae ae an 
ake 2 ec ae F Ge ogg 


Here’s the most up-to-date engineering and application 
data on screw conveyors and screw feeders for today’s 
industrial operations. 

This 76-page book contains detailed sections on com- 
ponents, layout, drive arrangements, dimensional data— 
the answers to all your questions regarding the selection 
of components or complete screw conveyors. Mail the 
coupon at right, or ask your Link-Belt representative for 
Book 2989. Refer to the yellow pages of your local phone 
directory. 


15,275 


SCREW CONVEYORS * SCREW FEEDERS 
1959 * NOVEMBER * AGRICULTURAL ENGINEERING 


NEW BOOK tells all the facts and features 


of industry’s most complete line of 
screw conveyors and components 


DESCRIPTIVE 
DATA ON ALL 

TYPES OF 

COMPONENTS 


250 TYPICAL 
MATERIALS 
HANDLED IN 
SCREW 
CONVEYORS 


TYPICAL | 
DRIVE 
ARRANGEMENTS 


ee ee eee eee ee 


LINK-BELT COMPANY 

Dept. SC, Prudential Plaza, Chicago 1, Ill. 
Please send me a copy of the new Link-Belt 
Screw Conveyor Book 2989. 


Nome. 


Firm. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
! 
| 
1 
| 
L 


657 


eet fe er. nea ECS eee OD Bh se a Se aa rs a 
Si eae 8 _ eae a eres Sh ea ee cemee  AMIE S e ee: Le Wet B 5.52%) i 
ahs ees e - Bier eae BS OS ES SE ee ne ee aes ‘Sues pnd 2 
SE Gi a ee oe Ties 7 aoe. ee ee Se BD ie eamenlaie je ae Zips sl rade 
oe Be ; e 3 Boat ere eae: « or ya ra ale Seeds aerate : eA. een : AE lacey F , 
oe ts ~phdl Te en ee | re ee ee ATO Re ee Fass a en if ae 
: ea ai. je Sol Zp be : ig, a en ee ere es ee ae ae G05 eee Lisa : 
sae —— . 
1 ras 
ae he ie a 
pene s 
emery 
=e 
i. ae 
ee 
or es 1 
ae Sah 
ees. ak 
ee a 
ao ee: 
ce ; 
Maids ced cs 
serine F 
. ge eet 4 
pega 
es 
rere 
4 ee ea ae 
os Sener 
bat Sek 
e ra es 1 
Bee 
i eee 
eee 
Bia Pea , 
I lo , F 
eee ee. ee ‘ cae 
a, Bela: eae ek We Bares \V fp ee 
Re ae lees: «image: ay | as Soe Hee 2s... er 
a: ae rae cay ee | MM os tae Seka eter sae: geen sk ge a! 
“ae ma aa Pais a eee gy e SCREW 2 
gl Bef - 2 aigunt tates ; nay ca ae =F At ee ae coo ' 4 es ee gran’ Vv 
Beat oy , a pas a St gt es tri weer ie a ca eee ‘et CON EYORS 
a Sete E Be nk ee eRe | mine Sone re ie ee 2 
poe Se eee oe | |r ai es oe, . eel ee cs 
ean uh Sa Ome SRI eee ere ee: tigated a 
Been : : 1s SN OE a 2 ea a 7 Se | aS “ae ae ~ ) 
Pe Se ey id . $ Ves, Ae MA oe cens i te! Et , e I i) ciate J 
fy ee eg , it : ’ A me Oe Ws ae? ese : Se Beers (ae hee 
Pie esate ct ; ‘eage -°3 i ee! SG Sires tae ee 
E bw 4 i 5 aS i ne dS Se eprer. 2 ; Pee og = 
2 - : eee! er | a et AR aa og Pa Meany th aaa peas 
: aaa eee Be net Mes 3 eet ie Sigh 
Hees ott iat <a eget se Ao 
2a Sve E ie ee 5 ge Wc se Fes | eee, Contes ; 
Va oo Sin ‘ * =H peer ee ote pe ae me “Gi pe YP a z bi 
Re eet 5 : as om gee = ae gee. Veet ee. zee 
Be ket ae : si MI eas ie ee ee mee A a 
eee _ SIN eee! secret saga aa a gaat . : 
fee - a a og’ ee Ss aS —- i. sae ue 
‘aeons : 4. es ae ee es 
(a Teen Mea % | Bs a al ee eT - i i 
Beast ws! « ee a a ee ta 
ea ie ie eos i lt ch, ee A ee pes 
hike ie Ge te tee ae : j 
ee se mt ek Ae 2 ¢ See + i eee co MPI . 
r PTR) OU eS. 2 ee LAYOUT 
ee #7 ke # % Se % ne gi gl oy ene Ree “yuh Bis Me Seebp ne " be * Ne 4 
. ae ee ee Ae DATA 
amie 7 ee ie Sion i, guid NS teas eee rs fi Fst: iy eae og 
br MaheE Ne eee See Ga ae! a ee ee “ ‘ Thats 
po hea oe es are rte = Ed LO a c > OY Cd DR gf lle 
ier > co | eee aw ee ra } 
ESS : eis Oe ae wee ek ae laa © . : 
Sas . ‘ihe Shit ieee ee E 
eee i % 5 ae ie #) a Sn £ pee ates 2 f ; at e 
ke: ee i a gE ee eu en itil : 
ae a ae 2) See a 2 ‘glint | 
pe oh ; : ee nd Oe 7989 el ie 
 Saiiee SF ni Bore gook nt ae oe eee eX 
a Oe, Be ae eS - ; > a SS Rast 
Bete, ae pag ee ie es GS a ; ees ae 
ae ae is ga Aas Th abana ie. 
i eae rei Ae ea ee ieee : “S 4 
eee ete eee Be hes ie dl \ 
Maes: ee ae po ce . 
pe. mean eos , fe ee < a mage \ 
me eee Sat ae es 
ages Ad Beate Saas oe we 
po Ss . : a ‘< 
fens ee Pe ie _— 
_ ow 28 >—-—=< 
eee { 
7 Eiger ne tay 6 > 
Og. eae 3 oe . al cy 
aed: a : <A .-% 
ie Brn iee. 4 ° - : 
hs, 8 he ee VE —~ a oe hy al Fy = 
? Pek z aN \\" ai ahi oy Be or ae x : aan, 
By Xho A é + " fe ae : : f 
Bee cs Aires i, Ot a8 is powers | 
Se “a3 aa Tiss ec oe a Bt ee ee i fy 
eae be \ . Pere oe: a ag a ae ‘PSE: | Si Gs 
Bs ae ge rie a a See 2 tee eet xe aa. | 
Bega ¢n ithe SELECTION 
2 RA ee . 4 2 Pia. See a 5 b tae E = é wh ath a ane < 
a: ~y . _ rr ee RE ee TABLES AND © 
eee ~) Bp eer ee eS, : ORMULAS 
Refit : is heer. | Ss ra ' 
Ser a Men 2 So a Sd ee eget) ee ee 3, 3 nie 
Be eetriatay S ec | Ce he pie ak 
oe ae, “sah ahs oe tee adhe ee renee ae ; Te ae 
eee {Soe eran Bee a i ee ; ed 
\ aie ae gees # et > rag 
“ee hecamm - ote i ai 1 I 
eee te one 
bea ; 
| Sak cae a: — 
igure S 
ee 
ie : 
as en 
fae 
ee oe 
iting SS MAI 
-Senkaget wae 
’ oe as iti ee 
Pai lie Pt bE 
past Te <OUPON | 
ae Se ees + F 
es TODAY I 
es ! 
To eee 
Te | 
ot FORME aa 
We en 1 
ae oe, | ] 
Fag ra 
ee oe 
lege | ! 
ee Se | a ee ee l 
a | | 
Bs ea . 
wie | Ne a l 
ze pea om Rol OF | | 
BE Agen A % 
Braid lz 2) > | ee : | 
he te ww s = 3 
ee es = Sy | | 
ee i) es g . ae -£ . 
Cages ~) GY | a aa an | 
| pee Be Tr, | 
2 ie | 
ee | | 
ay ay a 
pe 
; age 
eo ae 
eee i 
ee alee 
ee ter re ys 
- Bk 
a 
im “au 5 ae ac aas is a a : ty ees aria: Dae eth | put) ar pe Se ee i , Ba: X pips - 
nepeipe a ig Seale fee die a ee ee ee = Laat ee a ee ae eos Ne oe ae a as i E i 
ae iF See ee ge fe te ee ef eee ee ie Pre J ; 


& Announcing a NEW Drive Engineering 


New DAYTON POLY-V’ DRIVES permit 


Typical application where the use of Poly-V Drive results in consider- 
able savings in space, weight and costs . ..a more compact and lighter 
drive because of greater flexibility and load carrying capacity. 


NEW DAYTON POLY-V DRIVE 


New Dayton Poly-V Drives complete the 
Dayton line . . . answering many of the design 
engineers’ problems dependent on greater 
power delivery under the most critical space 
limitations. 


This new concept of power transmission em- 
ploys a single, endless parallel V-ribbed belt 
running in sheaves designed to mate precisely 
with the belt ribs. Single unit design provides 
twice the tractive surface per inch of sheave 


width . . . delivers up to 50% more power in 
as little as 24 the space where these require- 
ments are indicated. This means less overhang, 
less bearing load . . . a more compact and 
lighter drive. Single unit design completely 
eliminates need for matching belts, helps main- 
tain constant pitch diameter and speed ratios 
from no load to full load. You get longer drive 
life . .. smooth vibration-free performance .. . 
greater dependability ... 
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Service... 


Gives Greater Power Capacity. Full contact with the 
entire sheave driving surface gives Dayton Poly-V greater power 
capacity because it has twice the contact area of other drives 
with half the surface pressure. 


Delivers More 
Power. Dayton Poly-V 
increases the drive capac- 
ity 30% to 50% in the same 
drive width... functions 
s a friction-force-multi- 
plier in the sheave groove. 
Makes Poly-V ideal where 
more compact design is 
essential. Three cross- 
sections (J 3/32”, L 3/16", 
M 3/8” rib widths) handle 
all applications. 


wide range of special drive designs... 


provide for more power in less space 


Now from one source, Dayton Industrial Products Company—the 
most complete line of friction-type drives in existence—for every appli- 


cation from automatic washers and dryers to large industrial machinery 
and farm implements. 


Maintains Constant Pitch Diameter at All 
Loads. Full contact of Dayton Poly-V gives solid support 
under strength member. Speed ratio doesn't vary. Belt position 
remains constant from no load to full load. 
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DAYTON’S SPECIAL ENGINEERING SERVICE 


Saves Space. Nar- 
rower drives deliver equal 
power in less space. In 
most applications, the 
width of Dayton Poly-V 
Drive is 2/3 to 3/4 of the 
width of standard multiple 
drives of the same horse- 
power. Poly-V has higher 
horsepower capacity per 
inch of sheave width. 
Means less shaft over- 
hang, less drive weight, 
lower drive cost. 


Make use of Dayton’s special Drive Engineering Service when 
you think of power transmission. The time to call us is when 
your design is still on the drawing board. We have no axe to grind 
—we’ll help you select the Dayton V-Belt Drive (FHP, Multiple 
Variable Speed or Poly-V) best suited to your specific need. 


@® Registered trademark of R/M Inc. Manufactured by Dayton 
Rubber under exclusive license of Raybestos-Monhattan, Inc, 


rN Dayton Industrial Products Co. 


Melrose Park, Ii. 


A Division of The Dayton Rubber Company 


© O.R. Co. 1959 
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Specialized implements lighten 
many chores with power through 


BLOOD BROTHERS Drive Lines 


Every year, new implements are built by the smaller ‘‘specialty”’ 
manufacturers. And with p.t.o. power—through jointed drive assem-- 
blies—their economy strongly appeals to the farmer's purse. 


Most implements, you'll find, are equipped with Blodd Brothers 
Jointed Drive Assemblies. That's because both Rockwell-Standard 
engineers and the implement builders themselves cooperate toward 
one end: Fully dependable performance at reasonable cost. 


Whether you build specialized implements—or day-to-day working 
machines—it will pay you to consult Rockwell-Standard! 


For general information, request Bulletin 557. 


ROCKWELL-STANDARD CORPORATION 


Rockwell-Standard engi- 
ROCKWELL 


: P neers can help lighten 
Blood Brothers Universal Joints | your delve. Mak dedign 


© 1959 chores too! Call them... 
ALLEGAN, MICHIGAN initia seein! ae 
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THE 
FLIGH 


to save you time, 
trouble and money 


You don’t have to wrestle with the tedious, time-consuming 
job of assembling conveyor and elevator flights on chains when 
you specify Rex. Neat, easy-to-handle bundles of chain with 
flighting on—completely assembled—are delivered right to 


your door. You just unroll them right onto your equipment for 
fast, easy installation. 


You save because Rex flighting assembly is handled with 


greater efficiency at the factory as a natural part of chain as- 
sembly—reducing cost and eliminating trouble for you. 


Types and Sizes for Every Application 


Whatever type and size you need for greatest efficiency on 
your equipment, you'll find it in the complete Rex line of steel 
and rubber flighting. Flights are available on Rex Steel De- 
tachable Chain or on a variety of Rex Roller Chains for every 
application. For full information, mail the coupon below. 


Special Locking Device 


Keeps Flights Tight Longer 


A special Rex locking device, permanently 
stamped into Rex Steel Flights, keeps a tight 
grip on the chain link—reinforces the rivet — 
eliminates twisting—keeps Rex Flights tight 
for maximum service life. 


AGRICULTURAL 
IMPLEMENT CHAINS 
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CHAIN Belt Company 

4681 W. Greenfield Ave. 

Milwaukee 1, Wisconsin 

(In Canada: CHAIN Belt (Canada) Ltd., 

1181 Sheppard Ave. East, Toronto) 

0 Please send full information on Rex Agricultural 
Implement Chains with flights and slats. 

(0 Have a Rex Man call. 
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FRICTION DRIVES 


——— — srry 2: te caaeremmner erence meet a 
Ss es ome 


' panliaaeinitione 4 Pe as iS | Mechanically Actuated Machine Saad Clutches ; : to 100 ie 


a Pa a SS hoe onl 


gee SS Sees... 00 Ui be 


es Ce ee paver 


_ Oil-Actuated Multiple Plate Clutches . . . to 150 hp 


To couple an engine or motor to the 
load, one of the following may be 
used: a friction clutch, fluid coupling, 
single-stage torque converter or a ee oe 3P Pow Take-Offs ... to 02 
three-stage torque converter. Twin 
Disc can furnish you an unbiased re- 
commendation as to which is the best 
selection under any given set of cir- wii Le m0 — a oe 
cumstances—for Twin Disc offers all See Model E and E 
four types of drives. 
No other company builds the di- 
versified line manufactured by Twin 
Disc. Industrial clutches are offered : ene ; a 
from 214 to 36 inches in diameter. | ey \ cae , PO Air Clutche 
Designed to run wet (in oil) or dry, ¥ 
these clutches can be actuated mechan- 
ically, hydraulically or with air. 
When a fluid drive is necessary or HORSEPOWER 


preferable, Twin Disc can recommend FLUID DRIVES 


just the right one. Twin Disc offers 
fluid couplings with 1:1 torque ratio eS ee eS 
... Single-stage torque converters with 


up to 3:1 torque multiplication . . . or oan “a HYDRO-SHEAVE® Drives . . . to 50 hp 
three-stage torque converters with are ene aproas : 
torque ratios up to 6:1. No other man- 
ufacturer builds both three-stage and 
single-stage torque converters . . . no 
other manufacturer can offer all three 
types of industrial fluid drives! 
Whatever drive—friction or fluid— 
is most appropriate for your own par- 
ticular application, you'll find it in the ube - 3S EPR 
Twin Disc line. Write for complete ; luid PTO's and Disconnecting Fluid PTO's . 


"3 i 
information. 


SC 


)RAULIC DRIVES 


TWIN DISC CLUTCH COMPANY 


Racine, Wisconsin ie SE AS as ce ees Ba | 
Hydraulic Division, Rockford, Illinois 200 300 400 500 600 700 


HORSEPOWER 
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SYSTEMS ENGINEERING IN AGRICULTURE 


Guest Editorial by L. L. Sammet 


HE systems concept, which views any 

complex entity or process in terms of 
the functions, interrelationships, and inte- 
gration of its parts in a unified whole, is not 
new. This was an important element in 
early developments in astronomy, in physics, 
and in the plant and animal sciences. On it 
rests the long-established tenet of func- 
tionalism in architectural design. It is a 
matter of achievement in many different 
man-made, controlled systems. Among the 
latter, our highly complex telephone and 
railroad systems, industrial production sys- 
tems, and missile and defense systems are 
impressive examples. 

While the systems concept and significant 
accomplishments in the creation of man-made 
systems—as distinguished from natural sys- 
tems—are well established, interest in systems 
and systems engineering is at a new and ris- 
ing level. In many instances, this is a neces- 
sary adjunct of the system itself. The value 
of a telephone system, for example, rests on 
its flexibility and capacity for associating and 
integrating countless numbers of component 
parts. Attention to components integration— 
a systems view—in this instance is virtually 
forced. Similarly, the design and assembly 
of components that will automatically coor- 
dinate functions of search, tracking, launch- 
ing, and guidance of a military missile can- 
not be visualized outside a framework in 
which the interaction and integration of cor- 
related members—the essence of systems de- 
sign—is a major concern. A systems view is 
equally essential in the design of an auto- 
mated factory. The nature of such processes 
makes close attention to systems design in- 
escapable. 

Many processes with systems attributes, 
however, lack features that compel attention 
to systems design. The process may, for ex- 
ample, be composed of many highly corre- 
lated members yet not be rigidly controlled 
from a single point. To a degree its com- 
ponents may be flexible and adaptable. Or 
there may be a substantial time lapse be- 
tween successive operations. In these cir- 


Paper presented at the Winter Meeting of the 
American Society of Agricultural Engineers at 
Chicago, Tll., December 1958, and submitted 
for publication as Giannini Foundation Paper 
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cumstances, acceptable performance may be 
possible despite serious imperfections in the 
integration of components in a unified sys- 
tem. This allows engineering effort to focus 
on design and performance of components. 
Systems implications may be recognized but 
not stressed. This is the situation with re- 
spect to many types of manufacturing, in 
the distribution of commodities, and in 
agricultural production. 


Even in the less closely knit processes, 
however, growth of interest in the systems 
view seems certain. Contributing to this 
trend is increasing specialization encoun- 
tered throughout industry and agriculture. 
This applies to the nature of the jobs of 
individual workers and the equipment they 
use as well as to the technicians responsible 
for methods and equipment development. As 
jobs become more specialized, there are 
more identifiable process steps and so 
greater need to consider the implications of 
interdependence between them. As we ad- 
vance in technology and technique, more 
alternatives in type of equipment and method 
of performance become available. With 
increasing specialization, greater interde- 
pendence, and more alternatives in the means 
of production, there is greater need for 
selection of the “best’’ of alternative tech- 
niques in particular process steps and for 
their coordination in integrated processes. 
Increasing scale of individual business units 
provides improved opportunities for con- 
ducting systems studies and acting on their 
results. The strengthened interest in sys- 
tems which follows these developments has 
been reinforced by the development of—and 
publicity for—new problem-solving tech- 
niques ; for example, new methods of mathe- 
matical programming, new theories relating 
to “queuing” and “games’’ applicable in 
some aspects of studies of organization, and 
improved electronic computers and programs 
for their use. 


In the business world and among the 
sciences on which it draws, the growing in- 
terest in studies of systems organization has 
been formalized. New fields are being or 
have been defined. There are, for example, 
new fields described as “management sci- 
ence,” “operations research,” and ‘‘systems 
engineering.” There are new professional 
groupings, societies, and periodical publi- 
cations*. 

Of late in agricultural engineering the 
systems concept is receiving explicit and 
* *For example, the journals of the Operations 


Research Society of America and of the Insti- 
tute of Management Science. 
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growing attention, and a recent issue of 
Agricultural Engineering is liberally 
sprinkled with references to this ideat. 
These developments, however, are informal 
and preliminary. They leave the central 
question for agriculture one of direction, 
emphasis, and methodology. Are there op- 
portunities, either neglected or already being 


realized, for agricultural engineering in this 
field ? 


A Place for Systems 
Engineering in Agriculture 

If defined very generally as “an assem- 
blage or set of correlated members,” systems 
are easily discovered in agriculture. Proc- 
esses with this attribute are provided by 
nature, and so systems in agriculture could 
be claimed to exist from the beginning of 
this industry. A significant role for engi- 
neering, however, depends on the existence 
of desire and means to modify natural proc- 
esses and to control environmental factors 
in livestock and crop production and in crop 
storage. Both desire and means are evident 
in the abundance of equipment, materials, 
and methods that have been developed for 
use in farm production. Viewed narrowly, 
many single units of equipment are suf- 
ficiently complex in themselves to qualify 
as “systems.” A farm tractor, for example, 
can properly be described as a complex, uni- 
fied system for converting liquid fuels to 
mechanical power. With its integrated 
assembly of tillage and other tools, it be- 
comes a vital element in a still larger 
scheme. 

This larger scheme is exemplified in the 
production and utilization of forage crops. 
Here is a system comprised of major sub- 
processes or stages—soil preparation, plant- 
ing, harvesting, transporting, storing, han- 
dling, and feeding, in which the tractor-tool 
unit serves not as a “system” but as a toolt. 
Each stage involves numerous separate op- 
erations and the functioning of many indi- 
vidual components. Among both compo- 
nents and stages will be found interdepend- 

(Continued on page 685) 


+Pinches, Harold E., AGRICULTURAL ENGI- 
NEERING, Vol. 37, No. 11, November 1956), p. 
747, and Vol. 39, No. 9 (September 1958). 

tSystems and their components can, of 
course, be variously defined. In this discussion, 
a ‘‘system’’ is very generally defined as a com- 
plex entity composed of numerous interacting 
and integrated members. Within a given sys- 
stem, relatively large aggregations of parts 
constituting ‘‘subsystems’’ may be identified 
through which given processes involved in sys- 
tem performance are accomplished. Such sub- 
systems may in turn be composed of a series of 
closely coordinated process stages—each stage 
involving the coordinated performance of a 
group of discrete tasks defined here as ‘‘opera- 
tions’’. 
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Hay Conditioning Methods Compared 


M. M. Boyd 
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by the time the stems have reached a moisture level 

sufficient for storage, the leaves have been overdried. 
This excessive drying of the leaves only serves to increase 
shattering losses in subsequent operations. 

A great deal of progress has been made in recent years 
in the development of forage conditioners. These machines 
crack the hay stem exposing more area for moisture loss and 
thus speed the field-curing rates of forage crops. 

The present commercial conditioners may be put into 
two general classifications: the corrugated roller and the 
smooth roller. The corrugated-roll machine is commonly 
referred to as a crimper, while the smooth roll machine is 
called a crusher. Both machines will pick up a swath and 
pass it between their rollers thus cracking, and/or crushing, 
the stems in the process. Both classes generally provide 
some means of adjusting the pressure exerted on the hay by 
the rollers. The basic difference between the two concerns 
their crushing action. The crimper, because of its corru- 
gated rolls, cracks the stems at regular intervals while the 
smooth-roll unit crushes the stem along its entire length. 

In addition to the more common hay conditioners, some 
interest has developed in the use of flail-type forage har- 
vesters in haying operations. This machine, though it cuts 
a narrower swath than conventional mowers, appears ad- 
vantageous from the standpoint of effectively combining the 
mowing and conditioning in a single operation, thus reduc- 
ing operating time while speeding the drying rate. 


Sh the leaves of hay dry more rapidly than the stems, 


Description of Machines 


A single model of each the smooth-roll crusher, the 
corrugated-roll crimper, and the flail-type forage harvester 
were used in the tests discussed in this paper. 

The smooth-roll crusher consisted of two large 12-in.- 
diameter steel rollers for crushing the hay. The rollers are 
80% in. long, the upper one being loaded through springs 
located at either end. The springs provide the crushing 
pressure as well as allowing separation of the rolls when 
heavy wads of hay are encountered. The pickup on this 
machine consisted of a small-diameter slatted cylinder. 

The crimper had malleable-cast iron rolls with tapered 
flutes. Roll length is 72 in. Springs hold the upper roll 
against stops so as to limit the amount of overlap between 
roll flutes to about % in. The lower roll on this machine 
serves as its pickup. 

The flail harvester consists of a horizontal shaft ori- 
ented normal to the travel direction on which are hung a 
series of pivoted, L-shaped steel flails. The width of cut is 
5 ft. The machine was operated at minimum cutting height 
with the rear opened to allow cuttings to fall back on 
the ground. 


Paper presented at the Annual Meeting of the American Society 
of Agricultural Engineers at Ithaca, N. Y., June 1959, on a pro- 
gram arranged by the Power and Machinery Division. 

The author — M. M. Boyp — is instructor in agricultural engi- 
neering, University of Massachusetts. 
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Field tests compare drying rate and field 
loss of smooth-roll crusher corrugated-roll 
crimper, and flail-type forage harvester 


Experimental Procedures 

The following paragraphs are devoted to a discussion 
of the procedures used in determining the effects of the 
different conditioning methods on field curing rates. 

Each field in which tests were made was divided into 
four equal portions. Each of the four plots was allocated to 
a particular conditioning treatment by random selection. 
The crop was mowed after the dew had evaporated. All 
mowing and conditioning operations commenced simul- 
taneously. To do this it was necessary to have a separate 
mower for each plot except the flail-harvested plot. The 
crusher and crimper, drawn by separate tractors, followed 
immediately behind their respective mowers thus condition- 
ing the crop as soon as it was cut. This procedure permitted 
direct comparison of the results of all methods including 
the combined mowing and conditioning effect of the flail 
harvester. 

The moisture content (wet basis) of the forage was 
determined at the time of cutting. Three random samples 
of approximately % lb each were taken from each treatment 
plot at two-hour intervals throughout the drying day in 
order to determine drying rates. Sampling began at about 
7:00 a.m. and ended about 9:00 p.m. each drying day. The 
early morning and late evening samples yielded information 
regarding the effect on dew loss and pickup of the various 
conditioning methods. The samples were weighed as soon 
as they were removed from the field and reweighed after a 
minimum of 24 hr drying in a forced-air oven at 170 F. 

In each field where drying rate tests had been made, 
subsequent tests were run to determine the magnitude of 
the field losses experienced with the various conditioning 
methods. 

To determine pickup losses three plots 3 by 25 ft were 
randomly marked out within each of the treatment plots. 
These subplots were hand-raked and the yield recorded. 
Moisture samples were then taken for the purpose of 
determining the weight of loss corrected to a 15 percent 
moisture content. The 15 percent level was chosen, as 
opposed to oven-dry values, in order to provide a picture 
of the losses on an approximate storage-moisture level basis. 
Sample drying procedures were the same as those for 
curing-rate samples. 

In the investigation of stubble-height losses, the same 
subplots were used as for pickup loss studies. Stubble loss 
data were collected on the same day as, and immediately 
following, pickup loss studies. Each subplot was mowed 
with a Jari mower to a common stubble height of approx- 
imately 2 in. It should be noted that these stubble losses 
provide only relative comparisons between the various 
machines since mowing to a common height will include 
some material not normally considered lost. This material 
was then collected, weighed, and sampled for moisture con- 
tent. Dry yields were corrected to 15 percent moisture as 
in the pickup studies. Oven drying and weighing proce- 
dures were the same as those outlined previously. 
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Graphs and tables were prepared from individual tests 
and are indicated by the date of data collection. 


Effect of Hay Conditioning on Drying Rates 

The primary purpose of hay conditioning is to speed up 
the field curing of forage crops. Since considerable work 
has been done on the effects of crushers and crimpers, the 
emphasis on the work reported herein has been placed on 
the effect on curing rate of the flail-type forage harvester. 

Fig. 1 shows the drying rate of an unconditioned, 
crimped, and crushed timothy-brome mixture. Although no 
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Fig. 1 Drying rate of timothy-brome mixtures, August 5, 1958 


specific study of the effect of various crushing pressures was 
made, the machines were instrumented so as to provide 
information concerning the range of pressures experienced 
during the conditioning process. Both the crusher and 
crimper were initially adjusted in accordance with the 
manufacturer's instructions. The operational pressures 
ranged from a minimum of 24.4 lb per in. of roll length to 
a maximum of 29.9 lb per in. for the crimper, and from 
31.9 lb per in. to 35 lb per in. for the crusher. In general, 
the test results indicate that crushing is somewhat more 
effective than crimping. 


Fig. 2 compares the drying rates of an unconditioned, 
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RELATIVE BUMLDITY RANGE: 60-79% 
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Fig. 2 Drying rate of timothy-brome mixture, August 13-15, 1957 


oon * 


crimped, and flail-cut timothy-brome mixture. It can be seen 
that the flail-cut material had the most rapid drying rate. 
It is also apparent that during the early morning hours the 
dew evaporates more rapidly from the flail-cut crop than 
from either the crimped or the unconditioned hay. One 
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apparent disadvantage appears to be the greater overnight 
moisture pickup in the conditioned crop; but this is largely 
offset by virtue of the more rapid loss during the morning 
hours. 

Fig. 3 shows a comparison between unconditioned and 
flail-cut alfalfa-clover mixtures. In general, legumes and 
legume mixtures appeared to dry more rapidly for any 


Fig. 3 Drying rate of Alfalfa-clover mixture, July 30-31, 1956 


method of conditioning than did grass mixtures. It is ap- 
parent from Fig. 3 that the flail-cut material could be baled 
and stored at the end of the second day while the untreated 
crop would have to cure for at least a third day, or be placed 
on a hay drier at the end of the second day. 

Since crushing is considered a somewhat more effective 
method of forage conditioning than crimping, the effects of 
crushing versus the flail harvester are compared in Fig. 4. 


MEAN RELATIVE BUMIDITY: Tus 
INITIAL CUT: auc ST 


INITIAL MOLSTURE: 72-7% 


ry e 


Fig. 4 Drying rate of timothy-brome mixture, August 5, 1958 


During the early morning hours the rate of dew ev aporation 
is about equal between the two treatments. Late in the 
forenoon the flail-cut material begins to show a drying 
advantage over the crimped material. By early afternoon 
the flail-cut material was ready for baling whereas the 
crushed crop still required several hours of additional 
curing to reach a similar point. 

It should be noted that in Massachusetts, due to pre- 
dominately cool summer weather, forage given a condition- 
ing treatment generally requires about two days exposure 
for proper field curing. Unconditioned forage will require 
considerably longer exposure times in most cases. Table 1 
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. .. Hay Conditioning Methods Compared 


Date and crop 


July 30, 1956 
Alfalfa-clover 


July 31, 1956 
Alfalfa-clover 


Aug. 13, 1957 
Timothy-brome 


TABLE 1. 


Temperature 
(deg F) 


46-79 for 
continuing period, 
July 30-31, 1956 


44 to 87 for 
continuing period, 
Aug. 13-15, 1957 


Relative humidity 
(percent) 


59 to 69 for 
continuing period, 
July 30-31, 1956 


60 to 75 for 
continuing period, 
Aug. 13-15, 1957 


Initial forage 
moisture 


SUPPLEMENTAL DATA FOR TYPICAL TESTS REPRESENTED IN FIGS. 1-4 


Percent moisture 


Time sampled treatment after mowing 


(percent) 


78.5 


Aug. 14, 1957 
Timothy-brome 


Aug. 15, 1957 
Timothy-brome 


Aug. 5, 1958 
Timothy-brome 


68 to 82 


summarizes typical drying rate data for the different con- 
ditioning methods. 

From the foregoing discussion it appears that the use of 
the flail-type harvester exhibits some advantage in speeding 
the field curing of forage over the more common methods 
of conditioning. Still another advantage of the flail harvester 
is the fact that in all cases the flail-type machine cut and con- 
ditioned equivalent areas in considerably less time than was 
possible with other conditioning methods. The harvester 
generally required only about two-thirds to three-fourths the 
operational time compared to the other methods. 

One problem encountered in using the flail-harvester 
concerns the effects of rainfall on the cut material. Although 
rainfall did not appear to seriously affect the drying rate of 
other methods, the heavier rains did retard the rate of 
forage which had been flail-cut. Due to the shorter cut 
lengths and laceration characteristics inherent in the flail 
harvester, the crops cut in this manner exhibited tenden- 
cies toward matting and being driven into the stubble dur- 
ing heavy rains. In cases of relatively heavy rain, therefore, 
the curing of the flail-cut material could be considerably 
impaired. 

Effect of Conditioning Methods on Field Losses 

To further study the effectiveness of the flail-type har- 
vester as a hay conditioning machine, tests were run to gain 
information concerning the field losses incurred through the 
use of conditioners. These losses were divided into ‘‘pick- 
up” and “‘stubble” losses. Pickup losses constitute material 
left on the ground by each conditioning method, after 
raking and baling operations. Stubble losses, on the other 
hand, are made up of the height of stubble remaining after 
the harvest has been completed. 
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None 


78.5 
70.5 
66.9 
57.8 


57.7 
47.6 
41.3 
38.4 


73.0 
68.4 
63.2 
59.0 


56.8 
51.1 
44.5 
46.0 
42.0 
42.2 


51.4 
43.3 
35.9 
31.7 


67.0 
55.0 
42.5 
32.8 
26.3 


Crushed Crimped Fiail-cut 


78.5 
68.6 
63.9 
53.2 


46.2 
30.2 
25.1 
20.5 


73.7 
58.7 
53.2 
44.5 


49.8 
41.3 
30.4 
26.1 
25.5 
22.5 


40.6 
23.5 
18.5 
17.9 


63.7 
55.5 
35.1 
24.5 
17.3 


11:30 a.m. 
1:30 p.m. 
3:30 p.m. 
5:00 p.m. 


10:30 a.m. 
12:30 p.m. 
2:30 p.m. 
4:30 p.m. 


11:00 a.m. 
1:00 p.m. 
3:00 p.m. 
5:00 p.m. 


8:00 a.m. 
10:00 a.m. 
12:00 Noon 

2:00 p.m. 

4:00 p.m. 

5:00 p.m. 


8:00 a.m. 
10:00 a.m. 
12:00 Noon 

2:00 p.m. 


7:30 a.m. 
9:00 a.m. 
11:00 a.m. 
1:00 p.m. 
3:00 p.m. 


75.0 
68.0 
57.9 
54.9 


54.9 
45.1 
45.1 
35.6 
34.6 
29.6 


43.2 
31.6 
26.7 
25.8 


63.6 
46.9 
38.9 
26.8 
21.0 


61.8 
42.9 
36.2 
25.9 
21.4 


TABLE 2. PICKUP LOSSES BY CONDITIONING METHOD 


CROP LOSSES 


Alfalfa Timothy-Brome 


Treatment Lb/acre @ 


15% moisture 


Percent of 


Lb/acre @ 
total yield 


15% moisture 


Percent of 
total yield 
Unconditioned 
Crushed 
Crimped 
Flail-cut 


159 
254 
257 
327 


6.88 
10.99 
11.13 
14.16 


191 
141 
192 
365 


3.32 
4.07 
5.55 
10.55 


The investigation of pickup losses, which involves 
stems and leaves remaining on the ground after completion 
of the harvest, showed losses approximately twice as great 
for flail-cut alfalfa as for the unconditioned crop (Table 2). 
The same relationship holds true in the timothy-brome mix- 
ture. These differences in both cases are likely attributable 
to the inherently short cut of the flail harvester, coupled 
with its comparatively more severe beating action. Because 
of these characteristics of the flail harvester, compared to 
other types of conditioners, subsequent pickup during rak- 
ing and baling operations is rendered less effective. Also, 
the above results, and those following, apply only for the 
tests reported herein. Some variation in losses can be ex- 
pected due to differences in crop condition, machine ad- 
justment, etc. 


Comparing flail-harvesting of alfalfa with other condi- 
tioning methods shows a pickup loss increase of less than 
33 percent. The same comparison shows losses for the flail 
nearly double those of the other conditioning methods. This 
increase in losses in timothy-brome is probably due to the 
difference in growth characteristics between the plants. 
When green, the stems of alfalfa are relatively tough com- 
pared to timothy. Therefore, the action of the flails is more 
likely to merely kink and lacerate the alfalfa stems as they 
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pass through the machine. Being more brittle, timothy is 
more subject to the cutting action of the flails, as it is car- 
ried through the machine, thus being deposited in the 
swath in shorter lengths which are difficult to pick up. Also 
because timothy leaves are long and slender compared to 
alfalfa leaves, they are more likely to be exposed to multiple 
short cuts as they pass through the harvester. 

Pickup losses in crushed and crimped alfalfa increased 
by about two-thirds over the unconditioned treatment while 
a similar comparison in the timothy-brome mixture showed 
no significant change. This phenomenon can be explained 
by the differences in leaf growth characteristics between 
timothy and alfalfa. The small, short-stemmed, bushy leaf 
growth of alfalfa is more subject to the stripping action of 
the rollers than is the long slender, blade-like growth of 
timothy. Thus, a greater proportion of the leaves are likely 
to be stripped from the alfalfa, only to fall to the ground 
and show up in the resultant increase in pickup losses. 

In studying stubble losses it is important to note that 
these are relative comparisons of the various methods since 
mowing to a common height includes some material which 
is not normally considered as loss. For this reason, these 
values cannot be directly compared with the pickup losses. 
... However, attention should be brought to the fact that 
the flail harvester leaves a stubble 2 to 4 in. longer than that 
for conventional reciprocating mowers. In practice, this 


difference may be offset by allowing an additional 2 to 4 in. 
of crop growth before using the flail harvester, providing 
such additional growth does not put the crop beyond its 
desirable stage of maturity. 


Summary 


Tests have shown that the use of hay-conditioning ma- 
chinery during good drying weather definitely reduces cur- 
ing time, with the smooth-roll crusher showing a slightly 
better advantage than the corrugated roll crimper. 

The use of the flail-type forage harvester as a condition- 
ing unit shows the advantage of a still faster curing rate 
coupled with a shorter time requirement for mowing and 
conditioning a given area. The problem of losses in sub- 
sequent handling, however, bears further investigation. 

Following are some of the advantages to be gained from 
hay conditioning: 

1 Speeds field curing. Conditioning can reduce drying 
time by about 30 percent. 

2 Reduces weather damage. Shortening the time that 
hay remains in the field after cutting improves the chances 
of putting it up without damage. 

3 Field losses due to shattering are reduced as curing 
time and the amount of turning and tedding are reduced. 

4 Conserves color and feed value through shorter ex- 
posure and less shattering. 


Performance of Forage-Conditioning Equipment 


As a prepared discussion of the preceding paper 
entitled ‘‘Hay Conditioning Methods Compared,” 
the author reports on recent work of the effect 


H. D. Bruhn 


Member ASAE 


study. When crushing forage with rolls to increase 

the field-drying rate was first proposed in the early 
1930's, this first research primarily raised the question: Can 
the drying rate of various forage crops really be increased ? 
This question was answered in the affirmative by numerous 
experiment stations. For additional bibliography see ref- 
erence (1)*. The questions which immediately followed 
were: How much is the drying rate increased? What other 
factors also affect the change in drying rate? And what if 
anything can be done to increase the performance of a 
forage crusher ? 
In previous research work we reported on the effect on 
crusher performance of such factors as roll pressure, roll 
speed relative to ground speed, roll size, and multiple-pass 
crushing. While we had compared various types of crush- 
ing equipment such as smooth rolls and different types of 
corrugated rolls, we hesitated to report these findings be- 


Te history of the forage crusher is an interesting 


Paper presented at the Annual Meeting of the American Society 
of Agricultural Engineers at Ithaca, N. Y., June 1959, on a 
program arranged by the Power and Machinery Division. 

The author—H. D. BRUHN — is professor of agricultural 
engineering, University of Wisconsin, Madison. 
Acknowledgment: The author acknowledges the assistance of 
the following students who cooperated in conducting the tests and 
collecting the data for the study reported in this paper: James 
Doering, Arnold Zimmerman, Charles Jorgensen, Lambert Lasecki, 
Don Staab, and Milton Bennett. 

*Numbers in parentheses refer to appended references. 
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of delayed crushing by various methods 


cause the increase in drying rate caused by crushing with any 
type of equipment is affected by many other factors such 
as roll pressure, roll speed, atmospheric conditions, and 
maturity of the crop, to name but a few, and it is virtually 
impossible to adjust two unlike machines to operate with 
optimum performance even under one set of conditions. 
A change in such minor factors as temperature, wind veloc- 
ity, ground moisture, or maturity of the crop may bring 
about considerable change in performance of one type of 
machine with respect to another. To invite in the various 
manufacturers of crushing equipment to put on a demon- 
stration and then to attempt to evaluate the performance 
of a given crusher by drying rate obtained by a single per- 
formance is about as absurd as matching a white horse and 
a black horse in a single race and from the outcome evolve 
a hypothesis as to which color of horses can run the faster. 

This paper reports our more recent work on the effect 
of delayed crushing and the relation of drying rate and clip- 
ping of leaves and small stems from the main stem as a 
result of crusher or conditioner action. 


Delayed Crushing Tests 

Considerable importance is occasionally placed on the 
elapsed time between cutting and crushing both on the 
basis of drying rate and trouble-free operation. Of the num- 
erous tests conducted with a smooth steel-roll crusher and a 
flat bar-type corrugated-roll crusher, the results of two 
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. . » Forage-Conditioning Equipment 
series are shown in Figs. 1 and 2. While each of these are 
admittedly only the results of one day's operation, the tests 
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Fig. 1 A lapse of time between the cutting of forage and crushing 
has little effect on the drying rate, except that during the delay 
period the drying rate is comparable to that of uncrushed ma- 
terial. After crushing the drying then proceeds at the higher rate 
of comparable crushed material. Operating with the same roll 
speed but a slower ground speed usually gives an appreciable 
increase in drying rate 

were duplicated numerous times with enough consistency 
to indicate these results to be representative. 

The curves in Fig. 1 indicate the drying pattern from ap- 
proximately 9:00 a.m. to 4:00 p.m. which in this climate 
comprises the major drying time of the day. The curve 
designated by the letter N represents a sample receiving no 
treatment other than mowing. The symbol S2D2 indicates a 
sample crushed with smooth steel rolls with the tractor pull- 
ing the crusher operating in second gear.and a two-hour 
delay between cutting and crushing. Similarly, S2D1 in- 
dicates smooth steel rolls, the tractor operating in second 
gear, and a one-hour delay; and S2D0 the same except 
crushing immediately followed mowing. The maximum dry- 
ing rate indicated by curve $1D0 was obtained by operating 
the tractor in first gear with no delay. For more details on 
the operation and adjustment of the machines for each test, 
the reader may refer to Table 1. 


TABLE 1. SPECIFIC DETAILS REGARDING THE OPERA- 
TION OF THE VARIOUS CRUSHERS AND CONDITIONERS 


Fig. 1 (June 13, 1956) 
Smooth steel rolls 
$1 Roll surface speed 2.2 times the ground speed of 2.7 mph. 
S2 Roll surface speed 1.57 times the ground speed of 3.7 mph. 
Zero roll clearance; initial pressure 30 lb per lineal inch. 


Fig. 2 (June 14, 1956) 
Corrugated steel bar-type rolls 
C2 Roll tip speed 4.47 times ground speed of 3.1 mph. 
Roll clearance maintained by spacers at roll ends. 


Fig. 3 (June 30, 1958) 
S1 and §2 same as above, smooth steel rolls 


F4, 2.5 mph F5, 3.1 mph F6, 3.8 mph 
F7, 4.7 mph F8, 5.9 mph F9, 7.3 mph 
F4-9 Flail-type chopper; tip speed, 4750 fpm 


Fig. 4 (July 21, 1958) 
S1 and S2 same as above, smooth steel rolls 


$3 Roll surface speed 1.2 times ground speed of 5.0 mph 
R1 ws 4; * 6.5 if e ae el 
R2 4 - ” 43 * 3.8 
R3 a rs "Sea $.1 
R4 - at ae " 6.8 
Fig. 5 (July 22, 1958) 
S1 and $3 same as above, smooth steel rolls 
Ri, R3, R4 same as above 
Fi, 2.2 mph F2, 3.1 mph F3, 4.0 mph 
F4, 7.0 mph 


The main objection to delaying the crushing time is 
that during the delay the forage drys at the slower rate of 
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Fig. 2 A delay in the crushing operation has essentially the same 

effect, when bar-type corrugated rolls are used, as experienced 

with smooth steel rolls. Crushing immediately after cutting and 

then a repeated crushing after a one-half-hour delay produces 
an excellent drying rate 


the uncrushed material, and the advantage of the higher 
drying rate of the crushed material is lost for the extent of 
the delay. After crushing takes place, drying proceeds essen- 
tially at the same rate as a sample of comparable moisture 
crushed immediately after cutting. More important under 
these conditions was that the relation of roll speed to ground 
speed on this particular machine was too low for optimum 
crushing in second gear. 

The effect of delaying the crushing time when bar-type 
corrugated rolls are used is shown in Fig. 2. As before the 
letter N indicates no treatment, while C2D2 indicates corru- 
gated rolls, the tractor in second gear, and a two-hour 
delay between cutting and crushing. Similarly, D1 and Do 
indicate one-hour and no delay, respectively. Previous work 
had indicated that with this particular machine the tip speed 
of the corrugated crushing rolls was high enough that 
there was little difference between crushing with the 
tractor operating in first gear as compared with second gear. 
(High roll speed in corrugated-roll machines is necessary 
to prevent recirculation.) In this series of tests one sample, 
C2D0-D.5, was double-crushed, the first crushing taking 
place immediately after cutting and the second crushing 
after Y-hour delay. 

The over-all pattern here was essentially the same as 
with smooth rolls. Delaying the crushing just meant a dry- 
ing rate similar to uncrushed material during the delay and 
then a drying rate after crushing comparable to crushed ma- 
terial of the same moisture content. Double crushing with a 
delay between the first and second crushing produced a very 
high drying rate with a considerable jump at the time of the 
second crushing. Apparently the composite effect of picking 
up the once-crushed, slightly dried material, crushing it a 
second time, and tossing it in the air to drop in a new pat- 
tern brought about a sudden noticeable drop in moisture 
content. While this procedure is entirely within the farmer's 
province to perform, the advisability of recommending it 
is questionable because of the clipping that may take place, 
especially if there is an appreciable delay during good 
drying weather. 

In the case of both the smooth-roll and the corrugated- 
roll machines, there was no indication of any increased 
tendency for the machines to clog or to wrap due to the 
delays in crushing. Possibly if a machine were on the point 
of incipient failure, when crushing immediately after cut- 
ting, a delay might cause trouble; however, in this case 
probably roll speed, pressure, ground clearance, or general 
machine construction would probably be the primary fault 
and the delay only a contributing cause. 
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Relation of Drying Rate to Clipping 

In crushing forage to increase the drying rate, obviously 
there must be damage to the plant stems. The question arises 
as to the quantity of leaves and small stems that may be 
clipped from the main stems in this operation. While not 
all of the clipped leaves and stems will be lost in picking up 
the cured crop, it is quite logical to believe that the losses 
will be essentially in proportion to the clipping. 

Figs. 3, 4, and 5 are a series of curves showing the rela- 
tion of drying rate to clipping. The clipping is indicated as 
percent of separation which is determined by screening the 
sample through 2-inch-mesh poultry netting. The exact 
procedure will be described farther on in this paper. 

Fig. 3 shows the relation of clipping to drying rate for 
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Fig. 3 For a given type of machine there is a definite correlation 
between clipping of short stems and leaves and the drying rate 
resulting from the conditioning operation. A flail-type chopper 
used as a conditioner caused considerably more clipping than a 
smooth steel-roll machine when conditioning a crop to produce 
a comparable drying rate 

a smooth steel-roll crusher operated with the tractor in first 
gear (S1), and second gear (S2), and a flail-type chopper 
with a special cutter-head speed reducer, pulled by a 10- 
speed tractor in fourth to ninth speed, inclusive, designated 
as F4, F5, F6, F7, F8, and F9. As previously stated, the 
drying-rate curve designated by N indicates no crushing 
treatment, and the N bar in the percent separation group 
indicates percentage of short material present in the un- 
treated sample. Thus the difference in the length of the 
N bar and any other bar is the clipping that can be charged 
to the crushing or conditioning treatment. 

As would be expected, the clipping by the smooth rolls 
is an inverse relation to the rate of travel and the thickness 
of the mat of material passing between the rolls, and the 
increased drying rate is in direct relation to the clipping. 
This has been repeated many times and is very consistent. 
In the operation of a flail-type chopper converted to a hay 
conditioner according to manufacturer's recommendations, a 
similar relationship seems to hold in a general way. There 
is some inconsistency which is probably a result of experi- 
mental error, although there could be some other factors 
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Fig. 4 The relation of clipping and drying rate resulting from 
crushing forage with fabric and rubber rolls follows the same 
pattern as that for other types of equipment, except that the 
actual amount of clipping is lower than that resulting from the 
use of most other equipment 
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such as limited compaction of the excessively chopped ma- 
terial. In general, however, the data indicate that, to 
approach an acceptable drying rate through the use of a 
flail-type chopper, the machine will need to be operated in 
such a way as to cause excessive clipping. 

The results shown in Fig. 4 are of a similar study in- 
volving a smooth steel-roll machine and a machine equipped 
with two rolls made up of rubber and fiber and designated 
by R1, R2, R3, and R4, depending on the speed of the trac- 
tor pulling the crusher. With both machines clipping and 
drying rates were inversely related to travel speeds, and 
generally drying rate was essentially proportional to clip- 
ping. The test run R3-2x is the apparent exception. R3 
indicates third-gear operation and the 2x indicates an im- 
mediate repeated crushing. The bar chart indicates essen- 
tially a 100 percent increase in clipping as compared to R3 
less N (the original short material) ; however, there appears 
to be an exceptionally large increase in drying rate. This 
particular test was not repeated enough times to indicate if 
such results could be obtained consistently, or if this was an 
unusual situation. The general picture indicates that, while 
there may be some difference in the clipping of smooth 
steel and rubber rolls to produce a given drying rate, such 
difference is not pronounced. The tests indicate that the 
rubber-roll machine used in these tests should have been 
operated with either high roll pressure or a higher roll 
speed for a given power take-off speed. This is also true 
of the steel roll machine, for no farmer will want to operate 
his tractor in low gear just to make the crusher more effec- 
tive when he has adequate power to pull the crusher in third 
or fourth speed. 

The results of a series of tests involving the same 
smooth-roll and rubber-roll crushers used previously and a 
new experimental flail-type chopper pulled by a tractor with 
five speeds are shown in Fig. 5. There was appreciably less 
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Fig.5 A farmer operating these machines might be fairly well 
satisfied with the drying-rate increase resulting from the use of 
any of these machines at any reasonable ground speed; however, 
the potential losses due to clipping would make some of these 
conditioning treatments of questionable value 

clipping by both the steel-roll and rubber-roll machine than 
in the previous day's operation, but the drying rates are in 
about the same pattern. While the crop was alfalfa in both 
tests, there probably was variation as a result of moving to 
a new location in the field the second day. The flail-type 
chopper, as in the tests shown in Fig. 3, again produced ex- 
cessive clippings for a given drying rate. Neither the clip- 
ping nor the drying rate are exactly consistent with regard to 
the rate of travel. However, from a practical standpoint the 
question is only academic because with the generally exces- 
sive percentage of clipping and the mediocre drying rate of 
the material conditioned with a flail-type chopper, we 
would not recommend this type of machine as a forage con- 
ditioner until decided improvements can be shown. 
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Forage-Conditioning Equipment 


Procedures Used 

Drying rates of forage given various conditioning treat- 
ments are obtained by the use of 3 x 4-ft shallow screen- 
bottom pan to catch a sample of the material as it is dis- 
charged from the machine. The sample is immediately 
weighed and corrected to a standard 6-lb sample. This is 
then placed on the ground where forage has just previously 
been removed. At one-hour intervals each sample is picked 
up and weighed and again set back in its original place. At 
the end of the day each sample is carefully collected in a 
large paper bag, labeled, and put on steam coils and dried 
to constant weight. The moisture content at each weighing 
is calculated from the final dry weight. Care is taken in 
placing the samples for field drying so that all receive the 
same sunshine, breeze, etc. (Fig. 6). 


Fig. 6 (Left) The samples for drying rate study are collected, dried, 

and weighed on light-weight fabricated pans. The sides of the 

pans are 2 x 2 in. folded sheet metal angles, and the bottoms are 
Y% in. mesh hardware cloth 


All machinery is lined up in the field prior to starting 
so that there is a minimum of delay between treatments 
and samples. In normal operations the time lag between 
samples is three minutes or less, and this work is done at 
the early part of the day when drying is still limited by the 
low angle of the sun, high relative humidity, and low 
temperature. 

The data collected for each sample is plotted on the 
basis of time after conditioning or cutting, depending on 
the test. By this procedure neither the first nor last sample 
seems to have an advantage. Duplicate check samples are 
frequently taken, one at the start and one at the finish, and 
the results are surprisingly consistent. 


Percent of separation or clipping shown in Figs. 3, 4, 
and 5 is obtained by catching a duplicate sample immediately 
after the sample for drying rate study is collected. The sam- 
ple for clipping study, however, is immediately sealed in 
a bag and taken to the laboratory to be separated. The frac- 
tions are then air-dried to constant weight, and the percent 
of separation is calculated on the air-dried weight basis. 

Separation is accomplished by placing about one pound 
of the sample on a screen (Fig. 7) approximately 3 by 4 ft 
made of standard 2 in. poultry netting and bouncing the 
sample up ten times. This is repeated until the whole sam- 
ple is separated. The air-dried fractions are shown in Fig. 8. 
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Fig. 7 The screen for separation studies is standard 2-in. mesh 

poultry netting. This was found to give essentially the same 

fractions as the time-consuming practice of picking out by hand 

all of the long stems. Further separation of the fine material 

through a similar one-inch screen did not seem to yield any 
information of value 


Fig. 8 These four samples were separated with the screen shown 

in Fig.7. The “b” series are the short stems and leaves which 

went through the screen, while the “a” series is the long material, 

essentially full-length stems. The waeien correspond to Fig. 4, 

July 21, 1958. No. 1 is N, No. 4 is $3, No. 7 is R3, and No. 10 
is R3-2x 


Conclusions 


If equipment is in good order and properly adjusted, 
delaying the crushing of alfalfa beyond the cutting time has 
little effect other than the loss in the higher drying rate of 
crushed material during the delay. The actual magnitude of 
loss varies directly with the effectiveness of the crushing, the 
extent of the delay, and the adequacy of the drying 
conditions. 


The use of a forage crusher to increase the field drying 
rate of a crop is generally desirable, but the operation causes 
some clipping of small stems and leaves, part of which are 
apt to be lost in the harvesting process. 


With similar types of crushing or conditioning equip- 
ment the degree of increase in drying rate is essentially in 
direct relation to the degree of crushing and clipping. 

Different types of conditioning equipment vary widely 
in the degree of clipping to produce a given increase in 
drying rate. 
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Discussion on Drying Rates and Field Losses in 
Hay Conditioning Methods 


G. Russell Sutherland 


Member ASAE 


with drying material in the swath. It should be 

pointed out, however, that some manufacturers advo- 
cate the cutting of material and discharging directly into a 
windrow, putting as many as three swaths into a windrow. 
In a way this is quite comparable to taking a load of wet 
laundry out of a washing machine and putting it into a 
clothes basket to dry. A recent report(1)* stated ‘Direct 
windrowing from a flail-type chopper is offered by several 
manufacturers. Experience with this process has varied 
from excellent to unsatisfactory. It appears that the process 
is satisfactory when humidity is low, weather risks at a 
minimum, and the surface and internal drainage of the 
soil is good.’ From this it can be assumed that drying from 
the windrow is satisfactory if there is no drying problem 
involved. 

In discussion of drying rates reported by M. M. Boyd, 
his results agree with tests run by our company and with 
other published results. Essentially, when dried in the 
swath, hay conditioned with a flail-type chopper drys as 
fast as or slightly faster than any other method. Results of 
the loss studies presented no doubt are true and accurate 
for the tests he has run; however, our experience has shown 
that losses vary tremendously with crop conditions. Losses 
have run as low as 3 percent to as high as over 30 percent 
depending upon the given set of conditions. 

It is known that customers today are using flail-type 
harvesters to mow and condition under two sets of condi- 
tions. The first is where losses are reasonable and the farmer 
feels the loss is not essentially different from that obtained 
with a conventional mower. Areas of upper New York state 
have been using flail-type harvesters to mow and condition 
Brome grass for at least five years. A second group is using 
the flail-type chopper where it is the only machine which will 
satisfactorily handle the crop. There are areas of Florida 
where Pangola, a grass which spreads by runners, is com- 
mon. A conventional mower cannot cope with the tangled 
undergrowth and so the flail-type chopper is used. Many 
areas grow such tangled, jumbled, clover crops and even 
though the losses may appear high, the flail-type chopper 
is the only practical way to save the crop. For this reason 
further facts on stubble losses reported by Boyd in the 
timothy-brome mixture would be desirable, since normally 
the flail-type chopper will handle a lodged, tangled crop 


Te two preceding articles by Boyd and Bruhn deal 


Paper presented as a discussion of the article entitled “Hay 
Conditioning Methods Compared” by M. M. Boyd at the Annual 
Meeting of the American Society of Agricultural Engineers at 
Ithaca, N. Y., June 1959, on a program arranged by the Power and 
Machinery Division. 

The author —G. RussELL SUTHERLAND — is product engineer, 
John Deere Ottumwa Works, Ottumwa, Iowa. 


*Numbers in parentheses refer to appended references. 
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Drying rates and field losses are discussed 
in terms of swath and windrow drying 


that a regular mower would not touch and under conditions 
other than ideal, the flail rotor would leave less stubble than 
a conventional mower. It seems that in a crop which is 
standing well a 2-in. higher stubble height is a function 
of the setting of the machine rather than a loss attributable 
to the machine. 

In considering pickup losses, Boyd has indicated that 
the increased losses are due to the shorter cut and the in- 
ability of the side rake and baler to handle the shorter pieces. 
This is supported by an unsophisticated test we ran in very 
young, prebloom alfalfa. We ended up with 30 percent less 
weight of hay in 50 percent fewer number of bales. Losses 
resulted because length of cut was too short for raking and 
baling, although right for easy handling for silage, for which 
the machine was originally made. The length of cut of ma- 
terial coming off a flail rotor depends primarily on two 
things—the height of the plant and the characteristics of the 
plant itself. Unfortunately, a rotor takes about the same 
number of cuts at a stalk regardless of how tall it is and 
so, the taller the plant, the longer the cut. This is an 
oversimplification. Many factors such as knife design, hood 
design, use of baffles and knife speed affect length of cut but, 
in general, the taller the plant, the longer the cut. Also, 
the more fibrous the plant, the tougher it is to cut and the 
more apt it is to get past a knife merely crimped; and so 
it is apparent that something tall and wiry, like brome grass, 
results in a much longer cut than young, succulent alfalfa. 
Although alfalfa can be tougher than timothy, on the aver- 
age, grasses give longer lengths of cut and lower losses than 
will alfalfa. It depends upon the actual conditions at the 
time of the test. 


Boyd rightfully states that the problem of losses in 
subsequent handling should bear further investigation. 
Some manufacturers now provide two rotor speeds, using a 
slower speed for conditioning. This increases the length of 
cut and decreases the loss, but is not the whole answer since 
it reduces the knife tip velocity to a point where the rotor 
will not doa good job of cleaning the ground. This necessi- 
tates mowing separately and only conditioning with the flail 
rotor. The problem is to design a rotor with a tip velocity 
high enough to do a good mowing job which does not re- 
duce the particle size to a point where losses are excessive. 
Considering the fact that flail-type choppers were not de- 
signed for mowing and conditioning, they do fairly well. 
The farm equipment industry can, and quite likely will, 
design a machine which will do a much better job. 


Reference 


1 Barnes, K. K. Paper presented at 12th Annual Meeting of 
the American Society of Range Management, Tulsa, Okla., January 
29, 1959. 


671 


Pe ete Bie oon ie - aos oe PO ee MI ces Be . Was TAN - ie 4 — 
Aan 2 a a ] Tee oo te eae po Be ae ein ts he i : + pls RS 
ee Bl ae if i A ‘ae LS 6 oe ee ee ‘ ae als 
ad my ey a es Bes Se Beye Ss See nk ee 2! pr c 4 . ; 
me | OS eter a ; oe eee | eee i ie. 
aD if a eae hte. | as [aye Se gee eae ras ep: — ae ee : 
at a ii +) ee : ye a A al OO a cee , 
oe er 4 gs 5 
_——— 
Sa ae 
ge eee 
hie ae 
one A 
7 oy ae 
1a Wo 
a f 
“¢ =e 
ee 
ee Re 
Bs he Mes tan 
a ang 
hl ke 
BS Pye 
os ee Nata 
ie: aaa 
PE Sa rs fs ca 
Sad hte, 
ha ciate 
US eames 
I a 
» gee ag 
eee 
Bas ee 
wo ae, a 
eae wee Em 
Boe. eh ce 
TS a 
- tae Gee ee 
>, ee Naa 
See oe 
ae eer ae 
Ve eae 
Ai se tr ood 
Dae: 
oh a 
hee ee ae sd 
Cas hts 3 
ee ee 
ate = 
je a ets : 
jena” a eee, 
RE See 
oe See 
pees eo 
cae, 
Err eae wrk. ba 
ee ee 
i+ ae eae 
Pligg 
ee ‘ee = pated 
“t, SOROS 
vy dels A 3 
=k ale TR 
Soe oas 
aE area 
aa ae ada 
BBWS acct 
See ae 
ae eee 
Somers kien 
a 
Eee 
et aaa 
aia 
gamer > 4 
cs eee 
Perma tf 
Made «age 
Bet ti ghs eer 
Peo Be hao 28) 
a ae 
eS ae 
Bitte 
jae 
4 ee ee 
Rees et H 
va Pee 
aaa ox | 
a ae ae } 
cae eee 1 
ge Caps EAs { 
a ae ee 
fae oa 
ae vi root 
ee ots 
f ae 
cs a es | 
Me eg ee 
ie tie 
ee a 
Be! Mee 
Os ae eae | 
Beas | 
ae: an 
An i ty | 
bere 5 a | 
Caeaeh,. | 
ie 
a od | 
a. 
ae. 
ea ay 
eae eee 
a eae 
eee earn Ae 
1 aan 
A ML 
oo ee 
‘Sa oat 
Bia ae Ba’ 
(-ileamioertni 
et eS ee 
I cia 
SS tens 
Caan Sen 
7 0 as 
Bet at ek 
ae 2 ie 
were hee o 
Wate en. 
beeen 
amie sc) 
= Sn pk 
bis een 
esis Sera 
a oy ee 
Ba 2S ee 
Paiva ti et 
Co, ais 
Be et ae 
ie eee 
Be Sst ere 
ee 
oo eae 
0 
= nae 
i 
eee” 
Boe 
ae 
f° ie 
eee ae 
Re ae 
i ag 
3k ae 
io ane © 
1h su : 
ee |) 
<2 a 
eae 
hoch eet 
Pate hs ae eee eee SsSi_«i WWD“ MS 
a 
i 
Hare, 
‘fo a 
2 Seine 
Tee ge aan 
Bometrse™, oF 
Pages io * 
aah P| 
<1) ga 
+ 7 ey 
BB 3 =a ‘ 
2 eae 
a 
‘See Say 
fo.” ae. 
io!) cl 
Po a 
ee ake 
Vee, 2 
ae ‘ec ay 
See ee 
iaees esto = 
bea abes 
pe apes 
bes -<- ee 
Seaage 
gO 
a, arta 
Ba ~ as 
pat inne 
a . 
i. * 
one i “a ee re, nl Rel cB a emer? oar a eer i aes ; 
5 ag PT a Seat 7 VRE <2oRs 3 me eS oy aaa 2 
ae ao . 6" See aa | ERS | re Rae ne eae me ; eect , say 
cere mys Bee ee ee = te , Pea Sy Bae ik eer ee gE ee | ERM ke a ag +! . : 
Saige 7 Po, eee in. A OE Me Bain. ite, 9 ge ee eRe maa Ape > Le Si Goi al 
iis lar oe 7 as — Stn” ee, Heer ae e Sas) CRT ee Weenies gemma at ee. t= ee ee ee ee Yee NE 
, “A ive ee ie all 
— ee Fee eH 
Vadis ony 
Gn k: Pa 
UAC ree fem es f. 


Heat Stresses 
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J. B. Liljedahl 
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and 
J. E. Wiebers 


HE heat stress resulting from driving a tractor in sum- 

mer weather in Indiana is frequently more than a fit 

young man could be expected to stand safely for an 

8-hr day. The frequency of this occurrence will be com- 
puted in the final phases of this study. 

On the basis of one year’s data with dry-bulb tempera- 
tures of 90 F or over, with relative humidity of 50 to 60 
percent, and wind speed of 3 mph or less, a man driving a 
tractor with no shading would experience heat stress above 
the tolerable level for a fit young man. It is expected that 
older and impaired workers would have a lower limit of 
tolerable heat stress. 

All of the sunshades studied by the authors reduced this 
stress to a tolerable level for a fit young man. The shade 
with the fan was more effective than those without fans. 
The aluminum-painted shade was more effective than the 
conventional shade. 

The limitations of this study include the following: (4) 
the heat load from the tractor was not included, as no esti- 
mate of this has yet been obtained, and (4) the dynamic 
condition of the heat stress of a man on a moving vehicle 
has not yet been studied. 


Introduction 

It is necessary for the healthy human to maintain the 
body temperature within a relatively narrow range. At rest 
in a cool environment a man will use about 400 Btu an hour 
for maintaining body activity, the exact level depending on 
many factors including the age and the body weight or the 
surface area. Heat balance will be maintained partly by 
conduction and convection. At the same time, the man will 
lose heat by evaporation. The breath is saturated with 
water vapor, evaporating about 17 cubic centimeters per 
hour, and there is a loss of “insensible” perspiration of 
about 25 cubic centimeters per hour (11).* The heat bal- 


Paper presented at the winter meeting of the American Society 
of Agricultural Engineers at Chicago, Ill., December, 1957, on a 
program arranged by the Power and Machinery Division. Author- 
ized for publication as Journal Paper No. 1209 of the Purdue 
University Agricultural Experiment Station. 

The authors —W. H. M. Morris, J. B. LILJEDAHL, and J. E. 
WIEBERS — are, respectively, associate professor of agricultural 
economics, associate professor of agricultural engineering, and 
assistant professor of biological sciences, Purdue University. 

Authors’ Note: The work reported in this paper forms a part 
of the Purdue Farm Cardiac Project, Purdue Agricultural Experi- 
ment Station Project 712, co-sponsored by Purdue University, In- 
diana Heart Foundation, American Heart Association, Indiana State 
Board of Health, and the National Institutes of Health. 


*Numbers in parentheses refer to the appended references. 
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in Tractor Operation 


An approach to the problem of reducing the heat 


load on tractor operators in summer weather 


ance can be represented by the following equation: 


OQ Metabolic + QRadiation + QOconvection 


+ Qrvaporation (lungs + insensible perspiration) =0 


{1} 

When this man is taken outside in the summer and put 
to work, the heat gain increases and so must the heat loss. 
A small amount of the heat gained may be stored in the 
body—about 250 Btu from a maximal rise of temperature of 
2 F. The additional heat is mostly lost through sweating. 


A typical heat balance under these circumstances might 
be as follows: 


Weather data: Black globe 110 F 
Dry bulb 92 F 
Wind 3 mph 


Ometabotic (+800 Btu /hr) “+ O (Radiation + Convection) 


The level of heat gain is established by the metabolic 
load and the radiant load, while the change in heat loss de- 
pends mainly upon the capacity of the environment to 
evaporate the sweat and the capacity of the man to secrete 
it. The maximum sustained rate of sweat secretion for fit 
young men of Caucasian race for an 8-hour work period is 
between % and 1 liter per hour, say, 2400 Btu per hr. 
Needless to say, clothing alters the heat balance on both the 
load and the loss side of the equation (8). 


Indices of Heat Stress 


The relationship of the heat load (the stress) and the 
resulting deviation of the individual from the resting rate 
of heat loss (the strain) can be predicted from several 
indices. 

Effective temperature was one of the earliest of the pro- 
posed indices. The scale was originally developed for the 
comparison of environments but it has also been used as an 
index of heat stress (7). However, further research (5, 9) 
has shown the following defects in the scale: 


1 It exaggerates the stress in dry, hot environments or 
does not allow for the effect of very high relative 
humidity in decreasing the sweat rate. 


2 It makes no allowance for the increase in heat load 
from metabolic heat. 


3 Its meaning, in terms of physiological stress, is un- 
clear, although statistically it may account for about 
two-thirds of the variability in physiological response. 
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A radiant component has been added to the effective 
temperature scale; the combined scale is called ETR* by 
Yaglou. Yaglou and Minard have also presented the ‘‘wet- 
bulb-globe-temperature’’ scale (WBGT) as a heat stress 
index (12). The scale is correlated with the heat load ex- 
cept at high humidities when the wind speed greatly affects 
the capacity to evaporate sweat into the surrounding air. 


The next important index of physiological stress from 
heat is the P4SR (predicted 4-hour sweat rate) (10). This 
Index is not effective unless the heat stress is sufficient to 
initiate sweating. Provision is made for the effect of cloth- 
ing and for changes in metabolic rate. This index is widely 
accepted by European workers. 


The Belding-Hatch HSI (heat stress index) (1) is 
based on a rational combination of the components of heat 
stress. The derivation is as follows: 


Under comfort conditions equation [1} holds 


Ou+Qr+Qct+Qri=0 


Since E/ is small compared with the heat loads under 
consideration, it is ignored. 

If the environment is hot enough to initiate sweating, 
the heat load may be expressed in terms of the sweat re- 
quired for thermal balance, E req. 


Oe reg=Qut+ QOr+Qe {2} 


The response of the individual in terms of sweating, 

E max, can be predicted from the difference in vapor pres- 
' sure between the skin and the air and the wind speed, up to 
a maximum of 2400 Btu or 1 liter of sweat per hour (the 
maximum tolerable rate of sweating over an eight-hour 
working day for a fit young man). 

Since sweat rate is an adequate index of over-all heat 
strain, and sweating is proportional to the heat stress, then 
the ratio of heat strain to heat stress (Qe req/Qr maxX 100) 
provides a valid heat stress index, the Belding-Hatch HSI, 
for an environment. When E max would exceed 1 liter per 
hour, the maximum capacity of the individual to secrete 
sweat, 2400 Btu per hour must be substituted for E max. 

The computations of the HSI are relatively simple when 
made with the nomographs provided by the authors (1). 


Heat Load 

It now becomes clear that changes in the heat gain rep- 
resent changes in E req; in turn this represents changes in 
the HSI. We have, therefore, in the studies of the heat 
stress of tractor driving concentrated on the heat load, par- 
ticularly the radiant temperature, as measured by the black 
globe, and the air speed. This provides an estimate of 
QOr+Qc the radiant and convective load. The metabolic 
load for tractor driving (Qu) is known from other studies 
which have been made at Purdue University, as well as from 
German data (4). 

The physiological response of the individual to heat 
stress is primarily to increase the circulation of blood to the 
skin, with a corresponding increase in the work of the heart 
and the heart rate (6, 8). This supply of blood generally 


+ETR=0.74 x 0.95 (black-globe, shade air temperatures) + 
shade air temperature. This has physiological meaning as the 
stress produced by the environment, but it does not include meta- 
bolic rate. 
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raises the skin temperature and provides water for sweating. 
The body temperature is also increased. If the environ- 
mental temperature is very high the blood may carry heat 
from the skin into the body. In this case, it has been re- 
ported (3) that men with impaired hearts may not suffer as 
much as normal men; the impaired heart will not circulate 
as great a volume of blood and so the cardiac may have a 
higher skin temperature but lower body temperature. 

Under less extreme circumstances the cardiac will be at 
a disadvantage, because the impaired heart will not be as 
effective in circulating blood to the skin. 


Reduction of Heat Stress 


Relief from heat stress can be accomplished by (a) sun- 
shading, () increased air speed, and (c) air conditioning, 
i.e., reducing the relative humidity and reducing the air 
temperature. 

The effect of sunshading can be predicted from the HSI. 
Every 1 F reduction in black globe temperature by shading 
over the entire body would reduce the radiant heat load 
by 50 Btu per hr. 

Increasing the air speed has two effects: To a lesser 
extent it increases the heat load, and to a greater extent it 
increases the evaporative capacity of the atmosphere, E max. 
In fact, at high summer temperature, 90 to 95 F, and normal 
relative humidities, 60 percent and below, wind speeds 
above 6 mph tend only to increase the evaporative capacity 
over the rate of 2400 Btu per hour, the maximum tolerable 
for sustained periods of work. For this reason, high wind 
does not reduce heat stress under these conditions. At high 
relative humidities the vapor-pressure difference between the 
skin and the air is reduced so that a high wind velocity (up 
to, say, 20 mph) is very helpful in increasing evaporation. 
However, such a high wind velocity is not comfortable. 

Air conditioning is generally accompanied by shading to 
reduce the radiant load and by forced cool ventilation with 
dehumidification to increase the vapor-pressure difference 
between the skin and the air. The result of lowering the 
heat load and increasing the capacity to evaporate sweat is 
to obtain a marked reduction in heat stress. 

It is also possible to reduce the build-up of stress in the 
individual in a hot environment by a schedule of rest pauses. 
The rests have been shown to be more effective if taken in 
a cool environment (2). Rest pauses are essential when the 
heat stress is such that E reg is greater than 2400 Btu per 
hour. An approximation of the rest allowance required is 
the time required out of the heat to reduce the average 
hourly sweat rate required to maintain balance to 1 liter (or 
less for an impaired worker). 


Heat Stress Studies at Purdue 

From the introduction at least two approaches are clear; 
meteorological studies can be made on the heat load and 
physiological studies can be made on the response of in- 
dividuals to the load. 

The heat stress studies made under the Purdue Farm 
Cardiac Project have been designed to study: (a) the phy- 
siological response of old and young workers to heat, and 
(b) the magnitude of heat load, obtained from weather 
data, and methods of reducing the heat load on the tractor 
driver. Only the latter are discussed in this paper. 

The two-year studies at Purdue were designed (a) to 


673 


| OS | a ao eee ee Se ee ae eT SS ee ee EE ee ce ee ee ig 
ie ia * ‘eile. Naor eet ia ee . es * 
a bt Le BEAT | 2) 0 i) See 9 5. thems, ies ' : a ane : 
a Pee rs ] TAGE Ee eigen Gye pea SM RTS <meta - 
%. a Ce ee Ta ee a Mirek! Ce a es a a See : oo ie Se , 
wae, 4 ee Se ea ee 2S ene nite aa eer dm ae : , a 
om o meme = ie a Rs | ee a aN ea SRS. idee, Faroe 2 . = Be a f 
2: | Pe Re IRs, Magee eas ener) rapes apne NE a apes Wikis toate. Fant ni ; 
Sei eee ee See ee 
ee! eee 
Dy eat That 
ae ewe 
eae AY 
Bye cos 
Bae 
ha 
, eee 
Sele 
ee Boe 
aera Pe 
ae ae 
a liane! 
= ge oh 
PReg St 
Bees, 1) 
2 eee 
ey 
bas: Aa ee 
fia) a 
Sass. 2 ey 
aaa oe a 
b= 
ep i 
| a 
te 
ee} ane 
8 ng a 
ae stoeaem 
Becire 
ser Cre) Cae 
ae an 
depen a) 
et tae 
Cr, ae ae 
Set ee 
eee) 
ee 
cee ae 
Bee 
aN 
SB ery 
a La 
aie. ch ee ’ 
oh ee oe she 
gets a 
! ice aay 4 
ib ies 
a. g : PO 
ete Sloe 
Wieregee 
Seah ie eae 
ee yo 
se eee 
Sarees ad 
EE oees Vnciae 
BE soy a 
De oe aa 
beatae. 
wipers te AR 
py eee 
acs Bea 
Po ahs 
ES a 
234 ee Pe 
ee ate 
ae oe 
ote iue ar | 
ne — 
(ars | 
WR ae a 
genera 
Bee) RES 
& Pisessiemeome rs 
* Cees 
Di ae 
, es | 
pS ieee | 
Se PSPS 2, } 
gaia Pras ae 
“knee i 
Par ees ee | 
Peek | 
ae? 
Cries, Se 
Aik ; et ey 
ae ae 
eS 
- Seaham 32" 
ee | 
Rh, ate ee 
ea 
oer i ts | 
ee eae Neste 
Be ey: a | 
Pit Be | 
CRESS | 
Bee Ate | 
ees 
eee 
mes. he 
ee ae 
2a Geet 
oe 
ea a 
aa eee 
ae ti. x 
> pies: 
4 Coo ae 
ewe eal 
Bee tesa 
ate eee 
 ; eae 
aa 
Helse = ks 
“5 CS eee 
Be cy : 
a Sh ey 
Ue ta 
a 5 
[SS meee 
a) Mga ra. 
teeta, 
eee eta 
yo See 
pa ae aaaeal 
€ ares 5 
Pies 
Bis i 
Bor ies 
Rall eee Rave (x: 
Bi at ae 
Site foie We 
ee 
bit ne 
> ed 
are 
ater 
oe) ogame 
SURES < 
a eS “i 
a ae 
ce: a 
mdi : 5 
5 eh ee 
$e ay aa 
an) 
i ees 
aati.) 2 
eka 2 
5 ee aaa 
1 eo 
ts ela 
ar 
ae.” 
4 Sa 
BS ee 
+ raat 
2 
2 ae 
5 ae een 
Bai cee hs I 
2 ee ae 
Piyiay 
ee es. 
= ae ia . 
201 AG a al Me Si ce in ee ee ean: ee nee ee ‘pie . Peni pee 
ook ees Sais Vee SR eee) ee ee ee a 
vadt CPt oe . eS ee a Se SSeS: ee et ey. tl és a oi pee or a Re gee kat gee 4.5 a a ; e F ‘ . 
Sheen Sy eos poe pot a A be name ann RR ER ey Se ee Ry So ue tear, ‘ aa 
Z Ape k es rere iaie eee it , a Shc |. ar Fe: ee ial 2 nk OMe ree rt i sy ten ‘4 in cee i a 
B Ee cn a Cadre elie SEmoy a ‘ aa Viti i ie a 1° Sesion, as eae Ca pe] “ " * 
Tees eat ko, Se a ee es: Ps) Ae ee ete ee Ae 5» ata 5 es kee bapa -itin| a = oer aes 
aE en sity Seen ae 2 on ae ai i ei ey Se ae Ee ec Te, RDN TR IR - : mel ie 
ase iat \ a CoP ya ae oye ay ey ame SCAR ce ae aaa ami ag SP als yi a ae at : = 
Sa 2 Be ea Se Bi: ay 7 Bc asec) sieves {E po gee Res POSE. gah Ne ata ee: Oy ee, e. 7 8 
‘| ae ‘See ae a ; “Sie Eee i eee, We a ea te - Fai ok eae eee lee © : : 
tg Sh ease * “ a. oe ele ate = eae oy Pi Dec SS AM EET, am ees: eee F: 
ise Riess 2 Vor bc eer. a : if 4 5 Me ee EP b-2 9 a Re ae , 4 age os 4 
AT 4; CORA a ay : re a ee en nos ae ee Re ec Sa z oa ae + 


. . » Heat Stresses in Tractor Operation 


obtain records of summer heat load in central Indiana, (4) 
to relate these records to the standard meterological data, 
(c) using this relationship to predict the frequency distri- 
bution of heat load from weather data on record, and (d) 
to establish the effect of different sunshades in reducing 
heat load. 


Procedure Used in 1956 

In the summer of 1956 one unshaded and three shaded 
stations (Fig. 1) were set up, each including a black globe 
and a dry-bulb thermocouple. A wet-and-dry-bulb thermom- 
eter was set up in a shaded location nearby. A chromium 
plated globe with a small heater inside was used as an 
anemometer; it performs in a similar way to a hot wire 
anemometer but has no directional properties. 

All of the temperatures were measured from copper- 
constantan thermocouples, by a multipoint recording poten- 
tiometer. The potentiometer was set up to record for 15 min 
in every hour for 10 hr each day from midJuly, when the 
equipment was ready, until midSeptember. 


In the first year three shade treatments were studied: 
An untreated yellow tractor shade, 55 in. square 
A similar shade painted with aluminum paint on the 


upper side 

An untreated, yellow shade with a hole in the center 

and a 1/20-hp fan mounted beneath the hole blowing 

the air downwards, the hole being shaded by a cowl. 

The record from the potentiometer was transferred to 
“mark-sense” cards. That is the cards were “marked” with 
a special electrographic pencil, and the marks were then 
“sensed” electrically and appropriate punches made in the 
cards. A set of potentiometer readings was marked on one 
card for each of the ten hours of observation for each day. 
The cards were prepunched and interpreted, that is, to indi- 
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Fig. 1 Observation station for 
tractor shades 


cate the year, month, day, and hour of observation. The 
mark-sense cards were punched and the temperature differ- 
entials obtained with the IBM 604 calculating punch. 


A multiple regression was run to test the validity for a 
prediction equation for the globe temperature based upon 
the dry-bulb temperature and Af‘ wind (the difference be- 
tween the chromed globe and dry-bulb temperature). 
Results and Discussion 

A tabulation has been prepared giving the following 
meteorological data for each hour from 8 a.m. to 5 p.m. for 
56 consecutive days during July, August, and September, 
1956: 

Dry-bulb temperature 
Wet-bulb temperature 
Black-globe temperature 
Wind velocity. 

The maximum reading for each of these quantities for 
each hour of the day (Table 1) shows that high tempera- 


TABLE 1. MAXIMAL VALUES FOR TEMPERATURES AND 
RELATIVE HUMIDITY FOR EACH HOUR OF OBSERVA- 
TION* IN OPEN AIR 
(Lafayette, summer 1956) 

Black Globe 
temp- 


erature, 
deg F 


Relative 
Dry bulb humidity, 
deg F percent 
8 a.m. 76 
9 a.m. 100 
10 a.m. 95 
11 a.m. 90 
12 m. 86 
1 p.m. 7 79 
2 p.m. 76 
3 p.m. 87 
4 p.m. 84 670 
5 p.m. 79 550 


*In most cases the maximal values for any hour did not occur on 
the same day. 

+Observations were made approximately 40 ft west of the agricultural 
engineering building. Obviously wind velocities greater than these would 
have been observed in open fields. 


Wind 
speed, 
ft per mint 
470 
400 
470 
470 
470 
400 
400 
860 


Wet bulb 


Hour deg F 
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ture may be observed at any hour between 10a.m. and 
5 p.m. The maximum did not usually occur for more than 
one meteorological factor at one time. In the relatively 
cool summer there were several periods of high temperature, 
July 27 and August 4 and 5. The heat stress indices for 
metabolic loads of 8, 16, 24, and 32 Btu per min have been 
computed for the day on which the maximum heat stress 
would have been experienced (Table 2). 


The effect of a difference of 11 deg in globe tempera- 
ture on the heat stress index is considerable, as much as 40 
lower on the Belding-Hatch scale or 500 Btu per hour 
lowering of the radiant load. 

The effect of a sunshade under these static conditions 
will be somewhat different from a shade on a tractor moving 
in the field. It would be expected that the differences 
between the shades would be less with greater air movement. 


TABLE 2. ESTIMATED MAXIMUM HEAT STRESS INDEX* FOR EACH HOUR OF 


OBSERVATION 


IN OPEN AIR 


(Lafayette, summer 1956) 


Relative 
Dry bulb, Wet bulb, humidity, 
Hour Date deg F deg F percent 

8 a.m. 7/27 80 74 76 
9 a.m. 7/27 83 76 rf. 
10 a.m. 7/27 87 77 65 
11 a.m. 7/27 87 77 62 
12 m. 7/27 90 78 59 
1 p.m. 7/27 91 79 59 
2 p.m. 7/27 94 79 52 
3 p.m. 7/27 96 79 48 
4 p.m. 8/5 97 79 46 
5 p.m. 8/4 94 78 50 


*Belding-Hatch index. 


HST for various 
metabolic rates 


Wind Black |! Metabolic Rate? 
speed, globe, | Btu per min 
ft per min deg F mi at ae aa 
150 94 22 35 82 120 
240 98 35 65 92 120 
260 103 50 88 105 135 
167 111 82 118 150 180 
178 112 87 121 158 185 
240 107 39 47 98 127 
260 111 80 110 138 162 
285 112 80 107 135 160 
550 108 52 75 96 118 
550 105 44 64 85 105 


(An index of 100 is the maximum tolerable for an 8-hr day for a fit young man.) 


tExamples to illustrate relation between metabolic rate and activity include: 


6 Btu per min — Resting in sitting position. 


16 Btu per min — Driving a tractor on light work. 


24 Btu per min — Driving a tractor using front-mounted manure loader. 
32 Btu per min — Shoveling at a slow pace, or carrying a 50-lb bag at 2% mph on the level. 


arm work in the field has been shown to have energy 
requirements ranging from 8 to 24 Btu per hour. Loads as 
high as 32 Btu per hour are not likely to be met in the 
field but might be found in chore work inside and outside 
the buildings. 


Effect of Sunshades 


The effect of the sunshade is to reduce the globe temper- 
ature up to a maximum of 24 F. The reduction is greatest 
when the wind speed is low. The temperature differences 
under the different shades between 11 a.m. and 3 p.m. 
(Table 3) show that the shade with the fan was the most 


TABLE 3. AVERAGE DIFFERENCE IN GLOBE TEMPER- 
ATURE SHADED AND UNSHADED FOR EACH HOUR OF 
OBSERVATION 


(Lafayette, summer 1956) 


Aluminum Yellow 
Unshaded Conventional painted shade 
globe, shade, shade with fan, 
Hour deg F At deg F At deg F At deg F 
9 a.m. 70.6 7.8 8.8 10.7 
10 a.m. 87.0 8.5 9.5 12.3 
11 a.m. 90.5 8.7 9.9 12.1 
12 m. 93.0 8.8 10.1 12.2 
1 p.m. 94.0 7.2 8.7 11.0 
2 p.m. 94.0 9.6 10.7 12.4 
3 p.m. 93.3 9.2 10.2 11.9 
4 p.m. 93.1 ES 9.3 9.8 
5 p.m. 90.5 6.2 6.6 6.6 


effective; the aluminum-painted shade was superior to the 
conventional yellow shade. Since the shades were mounted 
upright, the equalization of readings in the evenings is 


probably caused by failure to shade the globe as the sun 
declined. 
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Prediction of Black Globe Temperature 


It would obviously be convenient to compute the heat 
stress index from the standard meteorological data. How- 
ever, the radiation is not recorded by a standard weather 
station. For this reason a prediction equation for the black- 
globe temperature has been sought. 


The regression equations (Table 4) show that a rela- 


TABLE 4. REGRESSION OF BLACK GLOBE TEMPERATURE 
ON DRY-BULB TEMPERATURE AND AT WIND 


(Lafayette, summer 1956) 


Correlation 


coefficient 

Hour Regression equation Tr F* 
1la.m. B.G.T.=1.078(D.B.) +0.725 (AT,,) — 1.744 0.84 64.9 
12m. B.G.T.=1 16(D.B.) +0.471 (AT,,)— 0.332 0.87 76.8 
1 p.m. B.G.T.=0.928(D.B.) +0.738 (AT,,) + 9.835 0.88 91.5 
2 p.m. B.G.T.= 1.033(D.B.) —0.761 (AT,,) +19.161 0.53 10.4 


*All equations are significant at 99.9 percent level; F for 2 and 
51 or 53 deg of freedom=8 


Wind speed =3750( AT )—1.073 ft per min. 


tively high proportion of the variability in black-globe tem- 
perature can be explained by the dry-bulb temperature and 
At wind. The equations, while slightly different in form, 
generally differ little over the range of temperatures met at 
moderate wind speeds; at very high and very low wind 
speeds the relationship between the regression lines was less 
close (Fig. 2). The regression equations are significant with 
a high degree of probability (99.9 percent). 

(Continued on page 683) 
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Flow 


Lloyd E. Myers, Jr. 


Member ASAE 


phenomena which are complex and difficult to handle. 

The complexity of the total design problem has been 
widely recognized, but the complexity of the flow process 
has sometimes been underestimated. Simplified, empirical 
flow equations are widely used. Discrepancies between cal- 
culated and observed flow processes, such as rate of advance, 
have commonly been blamed on insufficient information 
relative to infiltration phenomena. In reviewing the situa- 
tion it appears that much more work has been done on 
infiltration than has been done on the fluid mechanics of 
surface irrigation. We actually know, in many cases, more 
about the infiltration than we do about the fluid mechanics. 
Major errors can result from the use of flow equations 
which do not apply to the situation at hand and review of 
some of our present knowledge concerning the fluid me- 
chanics of surface irrigation would seem in order. 

The existence of two distinctly different types of flow in 
tubes and jets was noted by early investigators. Studies of 
this phenomenon were reported by Hagen in 1839 (7)*. 
In a paper published in 1883, Osbourne Reynolds discussed 
a rational parameter to distinguish the limit between the 
two types of flow which he called direct and sinuous (7). 
Reynolds rationalized that the development of eddies in 
tube flow would vary directly with velocity and tube diam- 
eter and with the ratio of fluid density to fluid viscosity. 
He then proceeded to verify experimentally that the ‘'birth 
of eddies,” or the development of turbulent flow, was depen- 
dent upon some definite value of the rationally developed 
parameter. This parameter, called “Reynolds number’’ is 

Ne=VLp/p [1] 
where V is the average velocity, L is a length factor, p is the 
fluid density, and y is the fluid viscosity. It should be noted 
that the length factor L must be a dimension relating to the 
generation of turbulence. Pipe diameter is the length factor 
used for flow in pipes, pore diameter or grain size is used 
for flow through porous media, horizontal distance from the 
leading edge is used for flow over flat plates, and hydraulic 
radius is used for flow in large open channels. There is a 
real question concerning a satisfactory dimension to be used 
in calculating the Reynolds number for the various condi- 
tions encountered in surface irrigation flow problems. For 
example, turbulence in flow through vegetation is undoubt- 
edly more closely related to diameter, spacing and flexibility 
of plant stems and leaves than to depth of flow or a hydrau- 
lic radius which does not consider the presence of the 
vegetation. 


Te design of surface irrigation systems involves flow 


Paper presented at the annual meeting of the American Society 
of Agricultural Engineers at Santa Barbara, Calif., June, 1958, on a 
program arranged by the Soil and Water Division as a contribution 
from the Soil and Water Conservation Research Division, Agricul- 
tural Research Service, U.S. Department of Agriculture. 

The author—Lioyp E. Myers, Jr. —is director, Southwest 
Water Conservation Laboratory, Western Soil and Water Manage- 
ment Branch (SWCRD, ARS), U.S. Department of Agriculture. 


*Numbers in parentheses refer to the appended references. 
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Regimes in Surface Irrigation 


Development of Equations that Appear Valid 
for Characterizing Surface Irrigation Flow 


When velocities of water movement are sufficiently low, 
agitation of the water particles is of a molecular nature only 
and the particles are held to motion in generally parallel 
paths by the action of viscosity. The stream lines, or stream 
surfaces, appear to divide the region of flow into layers, or 
laminae, which conform generally to the boundary configu- 
ration. Local disturbances in the flow pattern are damped 
out by the increased viscous stresses created by the disturb- 
ance. Shear stress between adjacent moving layers is deter- 
mined by the fluid viscosity. This ‘layered’ movement is 
called laminar flow. For true laminar flow the velocity 
distribution is parabolic and head loss is directly propor- 
tional to velocity. Boundary roughness has no effect on the 
flow properties in laminar flow other than to reduce the 
effective flow area. 

As velocities increase, the kinetic energy of the water 
moving in disturbed flow paths becomes too great to permit 
damping of the disturbances by viscous forces and the dis- 
turbances spread throughout a major portion of the flow 
region. The water particles no longer move in orderly 
layers but move in a haphazard manner and complete mix- 
ing of the fluid occurs as flow takes place. This type of 
flow is classified as turbulent. Resistance to turbulent flow 
is not merely the result of viscous shearing stress between 
flow layers but is also created by momentum exchanges 
among fluid particles as they move from one layer to 
another in the mixing process. At higher Reynolds num- 
bers the effect of viscosity on resistance to flow becomes in- 
significant. In turbulent flow the velocity varies essentially 
with the logarithm of the distance from the boundary, and 
head loss is proportional to the square of the velocity. 
Boundary roughness has a considerable and variable effect 
on the properties of turbulent flow since projections into 
the flow serve to increase the degree of turbulence. 

There is no single value of Reynolds number dividing 
laminar from turbulent flow. Under the conditions of his 
experiment Reynolds found that laminar flow could exist at 
Reynolds numbers as high as 12,000 to 14,000 and other 
investigators have found that under special conditions 
laminar flow can occur at Reynolds numbers as high as 
50,000. These upper limits of laminar flow, obtained under 
special experimental conditions, are of little practical con- 
cern to the irrigation engineer. He is interested in the lower 
limit of turbulent flow as defined by the Reynolds number 
below which laminar flow will always occur. This critical 
Nz has been established by many expetiments to be approxi- 
mately 2,100 for flow in pipes. Unfortunately for the irri- 
gation engineer, considerable confusion and disagreement 
exists concerning the lower critical Nz for open channel flow. 

Horten et al (1) conducted flow studies in a smooth 
wooden trough about 5.6 in. wide and 34.8 in. long. They 
worked with slopes ranging from about 0.25 to 0.07 percent 
and with flow depths ranging from about 0.005 to 0.015 ft. 
They questioned the use of Ne alone as a satisfactory cri- 
terion of flow regime in open channels and proposed a new 
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criterion utilizing a calculated critical velocity for a given 
flow depth and channel roughness and reported the critical 
Ne to be approximately 550 for the conditions of their tests. 
They did not propose that this was a fixed value and men- 
tioned that other investigators had reported the critical Np 
to be from 300 to 330. Their criterion, based on a cal- 
culated critical velocity, is an interesting approach but it has 
been questioned because they based their calculations on 
Manning's equation, which was not developed for shallow 
flows. 

Parsons (3) utilized a channel with a concrete bed 2 ft 
wide and 8 ft long to study flow on slopes ranging from 
about 10 to 0.4 percent and with depths ranging from about 
0.002 to 0.024 ft. He questioned the use of the hydraulic 
radius as the length factor in calculating the Nz for laminar 
sheet flow. His question was based on the fact that com- 
parable equations for calculating velocity for laminar flow 
contained a one-half factor for flow in tubes and a one-third 
factor for sheet flow. These equations are 


V=Ys y R*S/p sheet laminar flow . {2} 
V='2 y R®S/p tube laminar flow . {3} 


where y is the specific weight, R is the hydraulic radius of 
channel or tube, and S$ is the slope or hydraulic gradient. 
Accordingly he calculated the theoretical depth of laminar 
flow and assumed that flow was turbulent when the meas- 
ured depth became greater than this calculated depth. For a 
smooth concrete floor he found the critical Nz to be from 
500 to 700. Difficulties were encountered with this method 
when a slightly roughened concrete floor was used, with 
critical Nz becoming indicated as 35 for a 10 percent slope 
and 160 for a 1 percent slope. Questions relative to charac- 
terizing the roughness and accurately evaluating the flow 
were not resolved. 

Owen (2) studied flow in a glass-walled flume with a 
polished brass floor 1.5 ft wide and 20 ft long. He did not 
present data on slopes and flow depths except to state that 
maximum depth was 0.3 ft. The existence of laminar or 
turbulent flow was determined by calculating Ne and fric- 
tion-factor relationships from depth, slope and velocity 
measurements, and by the behavior of a stream of dye in- 
jected into the flow. This procedure indicated that the 
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Fig. 1 Comparison of variation in re- 
sistance coefficient with Reynolds num- 
ber (Nx) as determined by Nikuradse 
with pipes having three different values 
of r/k as predicted by equations [5], 
[6], [7], and [8] 
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critical Ng was approximately 4,000. Other investigators 
questioned, among other things, the general applicability of 
Owen's results because velocity distribution had probably 
not stabilized in the measurement section and uniform flow 
probably did not exist, because flow in an open channel is 
actually three-dimensional as opposed to the assumed two- 
dimensional flow, because the critical Nz value is dependent 
upon channel shape, and because the laminar flow at a Ne 
of 4,000 could probably be classified as unstable and would 
have become turbulent if disturbances had been introduced 
into the flow. 

It would appear that we are not at the moment sure of 
the critical Nz for shallow flow, even in smooth flumes. The 
critical Ne for shallow flow in extremely rough channels, 
such as those found in surface irrigation, is even more in 
doubt. We-may assume that these latter critical Ne values 
will be quite low because of the continuous generation of ed- 
dies by the multitudinous projections into the flow and that 
most of the flow will be turbulent. We might also assume 
that the simplified empirical equations already developed 
for turbulent open-channel flow can be safely applied. This 
would be true if we could ignore the effect of boundary 
roughness and viscosity on turbulent flow. 

A considerable amount of fundamental research has 
been done relative to the effect of boundary roughness on 
flow in pipes. Every student of fluid mechanics is familiar 
with the Darcy-Weisbach equation: 

hi=f L/D V?/2, {4] 
where 4, represents the decrease in piezometric head over 
the distance L, D is pipe diameter, V is mean velocity, and f 
is the resistance coefficient or ‘‘friction factor’. The work of 
Nikuradse on the variation of friction factors with Nez and 
boundary roughness is, as plotted in Fig.1, also well 
known. Boundary roughness is characterized as ‘‘relative 
roughness,” r/£, which is the pipe radius divided by the 
height of the boundary roughness projections. This shows 
that on the left side of the figure, for Nez less than 2,000, 
the friction factor is independent of relative roughness, 
which was previously stated to be a characteristic of laminar 
flow. On the right side of the figure it can be seen that 
the friction factor becomes a constant which is independent 

(Continued on page 682) 


/n2t5 


a9 70 00-0-0-0-00-000.0-00 SWEUWS $$cc-o-o-0- 


° 
° 
°°? 


$000 FQATION IT} A369 5 6 oo 
oo 


oe 


EQUATION (7)... “a= S07 


900°° 


Eo, 
— EQUATIONS Z) Ton 


©00 EXPERIMENTAL OBSERVATIONS (APPROXIMATE) 


10,000 100,000 


REYNOLDS NUMBER Np 


1,000,000 


677 


eS Oe pee ae ‘ oo SEA er i ee ee ee Se eae eK 7 ~ : 
peo Sa icant: | ay Roa all “7 ie a ee Sk, 7 ac Sam sey 
a3 eae eee > Se 2 “Be Bete oe a ; el wine t aR 4 
ap Petia Tee feaey aes a ee Be eRe hs lsh eee eee OR err iy) th eee ae oe A 
AN ee : a TA eo ea oe a ‘a Sait ROPE ONE OP yk, citi ae i aS Sent te He Re ce : 1 
roe 5 tec eee as SEEM ) <a as ie oa ee eS a 5 hs EM ere | Se . : ® 
a SSC Sere Ree | pneeae e oes ae Sed trek Were hee. : =a 
Sig as) ea Seat Dean ey en m 
eatin 2. cy a ee - 
Bee) 
ie eon, fi: 
ae 
Ba 
ee 
eee. 
BO | 
egree 
‘hg 
2) eee 
"eee 
Sah ae. 
es! 
Se 
eA 
i a 
any OS 
fl eee . 
“ * 
> ees 
fal cae bg 
so Sh 
SG ee ae 
_ 
de) | Se 
ose Pinar ae 
eae 
Beg |e 
iia | 
Sata ae 
ee ea Oe ths 
ea eed | | 
Batre: 8a 
ee B ie | 
Roe Osa N Sats | 
Beata: |e 
ae de | 
orcas Wet: 
aie aes 
Cay es 
ae | 
eo gies 
Ro” tae | 
Th eae 
Sc: 
Rg ee 
ae 
ae | 
& — ¥ 
| ae 
ques ae 
a 
gee 8g 
agra he? at 
see 
ses Os ie a 
et ee 
Belen ba 
De alee 
Bae 
Bre 3 kd 
de! See 
Bye, | Uiyaees a) 
es 
Tee sg 
eet 4 
a ate 
ae. 
ig a aig 
-— 
ites 
ae 
ee ae 
aes. Bie 
ieee I 
ie “ 
Mies S8 
oe a 
caer ae 
aaa 
ae : : 5 iy 
paprte. a 
nee _ 
Pe a 
me 
vt Re 
eo = am 
ae 007 
ie % 
ie or, on 
ag 
oe ° 
i eee 0.05 °° 
oe ree 7 ° 
See ANSE | _O 
Wa Be > 
Dee ° 
Sin. a it er 
apts al ° 
(os ae a 6g Po 
eee —_ 0° 9000° 
pre a & 
x seers. lu, 
ee 
uueee 2, Lon 
a a 
i rere 4 6) 
Mea ere a 
se Gepeer S 
a. ee = —_ 
Sor gee Y 
a ae 
Nee hea 
DS eet Pere 
ee ee 
aA ane es 8 
eS an ee 
i eae 
VE Se 
% e i: 
‘3 = a r 
Pe ae 
Be a Le 
aa Pd | eC 
ye ee 
iO cates 
P pies 
Ses Se 
Bees a 
ees ee || 
i ae ty 
ei a 
eo ae 
er 
ee 
ee Oe 
fee. 
oe Se eee. rr eran me arnt te a eee et tae i ibis eo as 
Ve ie Skins pea eee Rs ey ee 2 or eat frees | ee poten 4 a aes eae Be A ae ae sie eis ~ 5 Me! s 
ee oo Beker sso en), pee Be ai aay se te eae Bon Pe ayR So UR bcos ‘ a 
Binge ceed By ES ota Sul eee: ee rs el i” nS AR ee Pr i SCR iS en Sh ee 


Measurement of Soil-Tire Interface Pressures 


G. W. Trabbic 


Assoc. Member ASAE 


W. F. Buchele 


Member ASAE 


HE interest in soil compaction over 

the past few years has focused the 

research worker's attention on tractor 

and implement tires. While the causes of 

soil compaction are complex, weight and 

tires have been singled out as two of the 

major offenders. Farm implements and 

tractors are becoming larger and heavier 
and are making more trips over the soil. 

The mechanical consolidation of tillable 
soils has reduced crop yields and in ex- 
treme cases forced removal of the land from 
agricultural production. As soil becomes 
consolidated, the mechanical strength of the 
soil is increased, the water-holding capacity 
is lowered and the water-infiltration capacity 
is decreased. 

One approach to the soil compaction 
problem would be to redesign the present 
tractors and tires in order to maintain or 
increase drawbar pull while reducing soil 
compaction. Before this can be done, how- 
ever, studies of present tires need to be 
made to determine the mechanics of trac- 
tion and the magnitude and distribution of 
pressure at the soil-tire interface. (The 
interface is the area of contact between soil 
and tire.) 

The purpose of the investigation reported 
in this paper was to measure the soil-tire 
interface pressures on the undertread, lug 
face, leading lug side and trailing lug side 
of a tractor tire at several drawbar loads 
and tire inflation pressures. The rear axle 
torque and slip of the rear wheel were also 
measured. The tests were conducted on a 
tire operating in a sand box. 


Literature Review 

Soehne (5)* studied the relation of trac- 
tor and implement tires to compaction and 
pressure distribution in the soil and pre- 
sented engineering data on the subject. He 
found that the average pressure exerted by 
the lugs of a tractor tire in firm soil was 
four to five times as large as the average 
pressure for the entire contact area between 
the tire and the soil. He also found that 
the pressure was greater at the edges of the 
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Diaphragm-Type Pressure Transducers Instrumented 


with Strain Gages in Soil-Compaction Studies 


tire rather than the center due to the stiff- 
ness of the tire carcass. This last phen- 
omenon was particularly noticeable at lower 
tire pressures. 

M. G. Bekker (1) conducted a theoretical 
analysis concerning the pressure distribution 
under a tire, tire flotation and traction. He 
stated that tires with a flat tread may be 
considered better than those having a curved 
tread from the standpoint of more equal 
pressure distribution in the soil. Due to the 
complexity of pressure distribution and 
without an analysis of tire deflection in 
various types of soil, however, the relative 
merits of available tire types cannot be 
determined. 

Recent work in the field of soil compac- 
tion has not been directly concerned with 
tires or traction. Cooper (2) and Vanden- 
Berg (8) developed and used a pressure cell 
to measure the pressures existing in the soil 
under tractor and implement traffic. The 
development of the cell provided a means 
for testing the theoretical stress-strain rela- 
tionship in the soil proposed and tested by 
VandenBerg (7). Hovanesian (3) studied 
the empirical relationship between mean 
stress and bulk density in soils as affected 
by soil parameters. 


APPARATUS AND INSTRUMENTATION 
Tractor, Tire and Sandbox 


The power unit used in these tests was 
a John Deere 1959 model 630 tractor. The 
static tractor weight with driver was 6760 
Ib and the weight on the right rear wheel 
(test tire) was 2400 lb. 

The tests were conducted on a 13.6 x 38, 
4-ply Goodyear tire. Pressure transducers 
were installed in the tire in holes drilled 
into the rubber. The holes were drilled 


with a %4-in. wood bit (the centering screw 


Fig. 1 Tire with cells installed and terminal board 
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filed to a short smooth point) operated by 
an electric drill. 

An analysis of the work conducted by 
Lask (4) indicated that at least five cells 
were necessary to form an accurate picture 
of the pressure distribution over a lug 
(one-half of the tire width). Thus ten 
holes were drilled across the tire at each 
of the following positions: undertread, lug 
face, leading lug side and trailing lug side 
(Fig. 1). 

The tests were run in a box (8 x 16 x 
1 ft) filled with mortar sand to a depth of 
10 in. A concrete floor underlaid the sand- 
box. During the tests the moisture content 
of the sand varied from 7.8 to 12.7 percent 
(dry basis). 


Drawbar Load 

The drawbar load was varied between 40 
and 1783 lb in approximately 400-lb incre- 
ments by using a dead weight frame. The 
load remained constant during each run. 
Calibration and measurement of this load 
was accomplished with a load transducer 
instrumented with strain gages. 


Torque and Slip 

Torque of the right rear axle was meas- 
ured by applying strain gages to the axle. 
Actual distance traveled D, and theoretical 
distance traveled D, (the distance the trac- 
tor would have traveled had there been no 
slip) were measured with microswitches on 
the loading frame and tractor, respectively. 
The microswitch mounted on the loading 
frame measured actual travel directly as the 
cable pulley rotated and the microswitch on 
the tractor counted the number of lugs 
traversed during the run. The distance the 
tractor traveled per lug on concrete with no 
drawbar load and at the appropriate tire 
inflation pressure was then multiplied by 
the number of lugs traversed to determine 
the theoretical distance traveled. 


Pressure Transducers 

The pressure transducers (strain cells) 
used in the tire were constructed in the 
following manner: A %-in. hole was drilled 
through the center of a %4-in. cold rolled 
steel rod. An 1%¢-in. drill was used 
to enlarge the hole to a depth of Ye in. A 
¥%-in. long cylinder was then cut from the 
rod and a %-in. hole was drilled through 
the side of the cylinder for the strain gage 
lead wire. 

The diaphragms were made from stain- 
less steel sheets 0.010, 0.020 and 0.025 in. 
in thickness. After rough cutting to a 1-in. 
diameter with a metal clipper, the dia- 
phragms were soldered with stainless steel 
solder to the cylinders at the end with the 
114¢-in. inside diameter hole. The outside 
diameter of the diaphragm was trimmed in 
a lathe to the outside diameter of the cell. 
After the cell was constructed, a strain gage 
(type A-18) was glued to the backside of 
the diaphragm. 

Proving tests were conducted on the cells 
mounted in the lug side by rolling the tire 
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on a board. A load on the lug face caused 
a deflection of the oscillograph pen. The 
adverse effect of loads on the cell wall was 
eliminated by construction of an outer pro- 
tective shell in the same manner as the 
strain cells. This shell was made of 1-in. 
material with a 1%g-in. hole. A_ slot 
was filed on the inside edge to provide 
room for the lead wire. A stainless steel 
diaphragm was soldered to one end to give 
the shell moré strength. Tests showed that 
the shell eliminated the effects of side pres- 
sure on the lug face. Fig. 2 shows a strain 
cell and the outside protective shell. 


With only one strain gage in each cell, 
the Wheatstone bridge of the amplifier was 
not temperature compensated. The effect of 
temperature change was reduced by cover- 
ing the cells with five layers of cheesecloth 
and one layer of masking tape. Proving 
tests showed that the pen deflected less than 
Y% psi when ice was placed against the 
insulated lug for 14 sec. 


Fig. 3 shows the in-place calibration ap- 
paratus. The cells were calibrated by hold- 
ing the rubber diaphragm against the cell 
diaphragm and releasing the pressure. The 
pressure was raised to 60 psi on the lug 
face, leading lug side and trailing lug side, 
and 20 psi on the undertread. With this 
pressure setting, the attenuator and gain of 
the amplifier were set so the oscillograph 
pen deflected 30 lines. The pressure was 
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Fig. 4 Soil-tire interface pressure distribution 
across the re a drawbar load of 


Fig. 2 Outside protective shell and diaphragm pressure transducer 


released to check the zero-pressure setting. 
The pressure cycle was repeated three times. 
With the pressure off, the pen deflection 
was noted during resistance calibration for 
use during electrical recalibration. 


PROCEDURE 

The controlled variables in this investiga- 
tion were drawbar load and tire inflation 
pressure. Because only sixteen channels of 
amplifying and recording equipment were 
available for the pressure transducers, four 
series of tests were required, to record the 
data from the 40 pressure cells and other 
strain gages mounted on tractors. 

After the lead wires were attached to the 
terminal board mounted on the axle, the 
amplifiers were balanced and calibrated 
electrically. 

Each series of tests was run by first 
adjusting the inflation pressure to 10 psi. 
With a 40-lb drawbar load, the tractor was 
driven forward approximately three-fourths 
of a wheel revolution in low gear and then 
backed up. This was repeated three times. 
One of the sets of weights was then hooked 
to the loading frame cable and the tractor 
driven forward and back three more times. 
This was done until the four weights were 
tested on the cable. The inflation pressure 
was increased to 14 and 18 psi in turn and 
the above test repeated. 

The lead wires for this set of cells were 
removed from the terminals, another set 
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Fig. 5 Soil-tire interface pressure distribution 
across the lug a. drawbar load of 
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Fig. 3 In-place calibration of pressure transducers 


attached and the procedure stated above 
was repeated. Before each test was run, the 
sand was thoroughly spaded and leveled. 
Actual and theoretical forward travel and 
torque were recorded during each run. 


RESULTS 


Trabbic (6) studied in detail the effects 
of tire-inflation pressure on the pressure 
distribution across the tire while operating 
in damp sand. 

In each of the following figures concern- 
ing soil-tire interface pressure, the arrow 
points in the direction the tire slips with 
respect to the sand and the cells are num- 
bered left to right (1-10). (The viewer 
faces opposite to the direction of travel of 
the tractor.) 


Effect of Tire Inflation Pressure 

For each of the figures mentioned in this 
section, the drawbar load was 1783 lb and 
the tire inflation pressures were 10, 14 and 
18 psi. 

Fig. 4 shows that as the tire inflation 
pressure was increased, the soil-tire inter- 
face pressure of the undertread increased at 
the center of the tire and decreased slightly 
at the edges. At the higher inflation pres- 
sures, the tire retained more of its unloaded 
shape. Also, at the higher inflation pres- 
sures, the percent slip was considerably 
higher, thus lugs packed the sand into the 
space between the lugs causing higher pres- 


j 


50 


40 TIRE INFLATION 


© 10 POUNDS 


30 


SOIL—TIRE INTERFACE PRESSURE-PSI 


[) 675 135 
WIDTH OF TIRE—INCHES 


Fig.6 Soil-tire interface pressure distribution 
across the leading lug side with a drawbar load 
of 1783 Ib 
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Fig. 7 Soil-tire interface pressure distribution 
across the trailing lug side with a drawbar load 
a 1783 Ib 


sure on the undertread at the center of the 
tire. 

Fig. 5 shows the soil-tire interface pres- 
sure on the lug face at the various tire- 
inflation pressures. As the tire pressure was 
increased, the interface pressure at the cen- 
ter of the tire increased and at the edges, 
the interface pressure decreased. This inter- 
face pressure distribution was due to the 
tire retaining more of the unloaded shape 
at the higher inflation pressures. 

Fig. 6 shows that the soil-tire interface 
pressure on the leading lug side increased 
at the center positions and decreased at the 
outside positions with increasing tire-infla- 
tion pressure. This was due to the reten- 
tion of tire shape and increased slip with 
the higher inflation pressures. 

Fig. 7 shows the effect of tire-inflation 
pressure on the trailing lug side. Distribu- 
tion of interface pressure was similar to, 
but less than the other positions. There was 
a large increase of interface pressure with 
increasing tire-inflation pressure at cell 
number 4. The lug perpendicular to the in- 
strumented lug apparently scraped sand into 
the cell as the tire slipped causing the pres- 
sure to increase. This condition probably 
occurred on the right lug, but was not 
measured because there were no cells in 
the comparable position. 


Effect of Drawbar Load 

For each of the following figures, the 
tire inflation pressure was 14 psi and the 
drawbar loads were 40 and 1783 lb. 

Fig. 8 shows the effect of drawbar load 
on the soil-tire interface pressure distribu- 
tion across the undertread. The curves 
show that with the high drawbar load, the 
pressure on the undertread was generally 
higher than with the low drawbar load. As 
the drawbar load increased, the dynamic 
weight transfer increased. Also, at the high 
drawbar load, the tire slipped considerably 
and as stated in the previous section, sand 
was packed into the space between the lugs. 

Fig. 9 shows the effect of drawbar load 
on the soil-tire interface pressure distribu- 
tion across the lug face. Generally the pres- 
sure on the lug face was higher with the 
40-lb drawbar load than with the 1783-Ib 
drawbar load. The lug established a sand 
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Fig. 8 Pressure distribution across the undertread 
with 14 psi tire inflation pressure and drawbar 
loads of 40 and 1783 Ib 


prism (sand packed in the shape of a 
prism) as the lug pressed against the sand. 
Because of the low slip with the 40-lb 
drawbar load, the lug remained on the 
prism and the prism carried the weight of 
the lug, producing high soil-lug interface 
pressures. In the case of the high drawbar 
loads, the lug slipped off the prism and 
established another prism deeper in the 
sand. As the tire slipped sand was packed 
into the undertread area, the result was that 
the undertread carried a larger share of the 
vertical load of the tire. 


An explanation for the high pressures at 
cells 3 and 8 is that as the lug entered the 
soil it flattened out and twisted. When the 
lug twisted, a pivot was established near 
the center of the lug. While the lug was 
twisting, both ends dug in while the pivot 
point developed a sand prism which sup- 
ported the lug weight and created a high 
pressure point. This high pressure point 
was more noticeable at cell 3 than at cell 8. 
The reason for this could be that the tire 
was not exactly vertical and less weight was 
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Fig. 10 Pressure distribution across the leading 
lug side with 14 psi tire inflation pressure and 
drawbar loads of 40 and 1783 Ib 
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Fig.9 Pressure distribution across the lug face 
with 14 psi tire inflation pressure and drawbar 
loads of 40 and 1783 Ib 


° 


13.5 


carried on this particular lug. As a result, 
the right lug (as viewed in the figure) 
flattened less and, coasequently, twisted less 
than the other lug. 


Fig. 10 shows the effect of drawbar load 
on the soil-tire interface pressure distribu- 
tion on the leading lug side. The curves 
show that with the 1783-lb drawbar load, 
the interface pressure was higher than with 
the 40-lb drawbar load. This was due to 
the increased torque developed in the rear 
axle and the increased slip. 

Fig. 11 shows that the pressure on the 
trailing lug side was generally greater with 
the 40-lb drawbar load than with the 1783- 
Ib drawbar load. Because slip increased as 
the drawbar load increased, the trailing lug 
side tended to move away from the sand 
located in the space between the lugs. 

The one noticeable exception to the above 
statement was at cell 4. At this point the 
pressure on the trailing lug side was higher 
with the 1783-lb drawbar load than with 
the 40-lb drawbar load. The reason for 
this has been stated in the previous section. 
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Fig. 11 Pressure distribution across the trailing 
lug side with 14 psi tire inflation pressure and 
drawbar loads of 40 and 1783 Ib 
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A further explanation for the decrease of 
pressure at cell 3 is that the lug causing the 
increase at cell 4 took sand from in front 
of cell 3 thus lowering the pressure there. 


Effect of Drawbar Load on Torque 

Fig. 12 shows that rear axle torque in- 
creased linearly with drawbar load with 10 
psi tire inflation pressure up to the max- 
imum load used in these tests. The torque 
increased linearly at a tire pressure of 14 
psi up to 1374-Ib drawbar load and then 
increased at an increasing rate. The same 
was true at the 18 psi inflation pressure, 
except that the linearity extended only to 
the 928-lb drawbar load. The reason for the 
change in the slope of the rear axle torque 
versus drawbar load curve was due to the 
fact that the tire dug a rut at the higher 
percent slips (Figs. 13 and 14). The tire 
having dug a rut was virtually climbing an 
incline as it moved forward in the sand. 
This increased the torque required to pull 
a given drawbar load. As the tire slipped 
(dug in deeper) and developed a greater 
angle of contact, more lugs came in con- 
tact with the sand. Thus the traction re- 
quired by the tire to pull the drawbar load 
was developed. 


Effect of Drawbar Load and 
Torque on Slip 

Fig. 13 shows that, with a tire inflation 
pressure of 10 psi, slip increased linearly 
with drawbar pull up to 928 lb and then 
increased at a slightly increasing rate. At 
the 14 psi inflation pressure, slip increased 
slightly up to the 928-lb drawbar load and 
then increased rapidly. With the inflation 
pressure at 18 psi, slip increased rapidly 
from the 40 to 446-lb drawbar load, re- 
mained constant to the 928-lb drawbar load 
and then increased at an increasing rate. 
The slip of the tire with an inflation pres- 
sure of 18 psi and 1783-lb drawbar load 
was nearly triple the slip at 10 psi and 
1783-lb drawbar load. 

A comparison of torque versus slip (Fig. 
14) shows that slip increased slowly at all 
tire inflation pressures up to a torque of 
1500 lb-ft. Above this torque value, slip 
at 10 psi tire inflation pressure increased at 
a slightly increasing rate. With 14 and 18 
psi tire inflation pressures, the curves in- 
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Fig. 12 The effect of drawbar load on rear axle 


torque with tire inflation pressures ot 10, 14 and 
18 psi 


creased rapidly and nearly converged. The 
torque required to develop a drawbar pull 
of 1783 Ib is shown by the top three points 
at the various inflation pressures. To pull 
the 1783-lb drawbar load in sand with a 
10 psi tire inflation pressure, the tractor 
must develop 2,655 Ib-ft of torque, 14 psi 
required 3240 Ib-ft of torque and 18 psi 
required 3506 Ib-ft of torque. 


Dynamic Weight of Tractor 

The vertical component of the pressures 
measured on the lug face and undertread 
were summed up and multiplied by the area 
to determine dynamic weight of the tractor. 
This result was found to be 5.4 percent 
higher than calculated with appropriate 
equations (6,9). 

The electronically measured dynamic 
weight was also used to calculate the point 
of application of the resultant soil force 
against the tire. This point of application 
was found to be 4.8 in. in front of the 
rear axle. 

SUMMARY 

Diaphragm-type pressure transducers in- 
strumentated with strain gages were de- 
signed and built to measure soil-tire inter- 
face pressures. The interface pressure was 
measured on the undertread, lug face lead- 
ing lug side and trailing lug side of a tire. 

Drawbar load and tire-inflation pres- 
sures were the controlled variables in this 
investigation. The tests were run with 
drawbar loads of 40, 446, 928, 1374 and 
1783 lb and tire-inflation pressures of 10, 
14 and 18 psi. Three replications were run 
for each condition. The results were aver- 
aged for each cell position and plotted. The 
plotted data showed that high drawbar loads 
increased the interface pressure on the un- 
dertread and leading lug side and reduced 
the interface pressure on the lug face and 
trailing lug side. These plots also show 
that as tire inflation pressure was increased, 
the soil-tire interface pressure increased at 
the center of the tire and decreased at the 
edges. 

Slip was measured during each run with 
two microswitches electrically connected to 
event marker pens on the oscillograph. One 
of the microswitches measured actual for- 
ward travel and the other measured theo- 
retical travel. Percent slip was calculated 
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from the data thus obtained and the results 
were plotted against drawbar load for each 
tire-inflation pressure. 

The torque measured on the rear axle 
was plotted against drawbar load and per- 
cent slip for each tire-inflation pressure. The 
plot of torque versus drawbar load showed 
that torque increased linearly with drawbar 
load with a tire-inflation pressure of 10 psi. 
With tire-inflation pressures of 14 and 18 
psi, the torque increased linearly up to 1374 
and 928-lb drawbar loads, respectively, and 
then increased at an increasing rate. The 
plot of torque versus percent slip showed 
that percent slip increased slowly up to a 
torque of approximately 1500 lb-ft and then 
increased more rapidly, especially with the 
14 and 18 psi tire pressures. This plot also 
showed that with a tire pressure of 10 psi, 
a torque of 2655 lb-ft in the right rear axle 
was required to develop a 1783-lb drawbar 
pull. With an inflation pressure of 18 psi, 
3506 lb-ft were required to develop the 
same pull. 
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. . « Flow Regimes in Surface Irrigation 
(Continued from page 677) 


of Nr, and therefore of viscous effects, and is a function of 
relative roughness only. For each graphed line there is a 
region from Nrg=2,000 to some higher value of Nz where 
the friction factor is not independent of Nr. Although the 
flow in this region is classified as turbulent, the resistance 
coefficient is a function of both viscous forces and relative 
roughness. The laminar flow region is described by the 
‘equation 


SE Se ee ib, 


which corresponds to the Hagen-Poiseuille equation. Flow 
which is turbulent but has a significant boundary layer of 
laminar flow is described by the empirical relationship of 
Blasius 


a a a ie? 


It will be noted that the least rough pipes, indicated by the 
highest values of r/, follow the line plotted for this equa- 
tion until relatively high values of Nez are reached and the 
laminar boundary layer becomes thinner and less effective. 
As the curves flatten out and become independent of Ne the 
Karman-Prandtl resistance equation; 


applies. It should be noted that three distinctly different 
equations are required to characterize the flow under these 
three conditions. It should also be noted that none of these 
three equations apply to the transitions among the three 
flow conditions. A fourth equation 


is required to describe turbulent flow in smooth pipes. 


Flow relationships developed for pipe flow do not apply 
directly to open-channel flow. General relationships are 
similar, however, and some important observations may be 
made which do apply directly to open-channel flow. Perhaps 
the most important of these is the fact that resistance co- 
efficients for turbulent flow at lower and intermediate values 
of Nr are dependent upon both viscosity and relative rough- 
ness. Resistance coefficients for highly turbulent flows are 
not greatly influenced by viscosity but are still a function 
of relative roughness rather than absolute roughness. 


Flow in large open channels commonly occurs at high 
Nr where the effects of viscosity may be safely ignored. 
Under these conditions, empirical equations which do not 
consider viscosity may be satisfactory. Flow in surface irri- 
gation commonly occurs at low Ne and a valid equation 
must, under these conditions, include a viscosity factor. 
Relative roughness does not vary greatly in a given large 
channel section where absolute roughness is small in rela- 
tion to the cross-sectional area of flow. Relative roughness 
is of extreme importance in shallow flow or furrow flow 
where the absolute roughness, as depicted by Manning's 
‘'n’’, may remain reasonably constant but the'relative rough- 
ness is varied greatly by the changes in flow depth which 
occur during the irrigation process. It should be pointed 
out that, as commonly used, empirical flow equations, such 
as Manning's, do not consider viscosity and do not ade- 
quately consider relative roughness. Although, for reasons 
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just stated, these factors may be discounted in large open- 
channel flow, they cannot be ignored for the flow occurring 
in surface irrigation. Many difficulties encountered in 
attempts to characterize Manning's ” for various conditions 
of irrigation flow have quite probably resulted from the 
fact that Manning’s equation did not apply to the flow con- 
ditions under study. 

A number of investigators working with open-channel 
flow have proposed the use of the Chezy formula 


eee ar eee. a 


where Q is the discharge, C is the resistance coefficient, A 
is the cross-section area, R is the hydraulic radius, and 
S is the channel slope. Various equations to characterize C 
have also been proposed. Powell (4) suggested that C for 
flow in channels could be characterized by 


=—42 logio(C/Net+k/R) . . . [10] 


The C/Ne term becomes negligible for values of Nz more 
than ten times the critical Nr, and the &/R term becomes 
negligible for values of Nez less than one-tenth the critical 
Nr. Several investigators have proposed for rough channels 
a relationship of the form 


C=a+b logio (R/k) ° ° . . . {11} 


The constants a and 6 must be determined experimentally. 
This equation is of the same form as the Karman-Prandtl 
equation for rough pipes. Values of these constants have 
been determined for various types of artificial roughness, 
with sufficiently close agreement among the different investi- 
gators to make equations of this type appear quite promis- 
ing (5). Powell suggests that in channels the transition 
from smooth to rough flow may be so abrupt that character- 
ization of the transition zone may not be a problem. This 
proposal would be most convenient if proven true. 

Equations of the type just given are admittedly more 
difficult to calculate directly than are the simpler equations 
now commonly in use. Rouse (6), Powell (5), and other 
workers have stated, however, that tables and graphs can be 
developed to simplify the use of the more complex but 
valid flow equations. The use of strictly empirical equations 
cannot be justified merely on the basis of their simplicity. 
In considering the difficulty of calculations, there is a real 
question concerning the ease of using supposedly simple 
flow equations when supposedly constant retardance coeffi- 
cients are found to be not constant. 

The hydraulics of flow in surface irrigation represents an 
essentially new field in which little directly applicable basic 
research has been done. Research in this field has undoubt- 
edly been retarded by the confounding and confusing effects 
of infiltration which have often been blamed for difficulties 
in predicting flow processes. Some of these difficulties have 
resulted, however, from the use of simplified empirical equa- 
tions which do not accurately characterize the flow. Despite 
the inadequacies of the simplified empirical equations, the 
information needed for the use of rational flow equations 
has not yet been adequately developed. The need for this 
information is great and immediate and warrants the atten- 
tion of every irrigation engineer. 


Summary 


The complexities of flow processes in surface irrigation 
have not been widely recognized and simplified empirical 
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flow equations are commonly utilized in surface-irrigation 
design. Discrepancies between calculated and observed flow 
processes have usually been blamed on insufficient informa- 
tion concerning infiltration phenomena. It appears, how- 
ever, that in many cases the information relative to infiltra- 
tion is considerably better than that concerning the mechanics 
of the surface flow involved. Use of flow equations which 
do not apply to the situation at hand can result in major 
errors. Review of existing information applying to the fluid 
mechanics of surface irrigation shows that (a) hydraulic 
radius is not a satisfactory dimension for calculating Reyn- 
olds number in surface irrigation flow, (4) critical Reynolds 
number for shallow flow has not been satisfactorily deter- 
mined, (¢) equations for turbulent flow at low Reynolds 
numbers must contain a viscosity factor, and (d) equations 
for surface irrigation flow should consider relative roughness 
rather than absolute roughness. Flow equations have been 
developed which appear valid for characterizing surface irri- 
gation flow. Considerably more attention should be given 
to these equations, and the constants, tables and graphs 
required for their use should be developed. 
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. . . Heat Stresses in Tractor Operation 
(Continued from page 675) 


A simple regression has also been computed showing 
the relationship between the globe and dry-bulb tempera- 
tures (Table 5 and Fig. 2). For average wind speeds (Af 


TABLE 5. REGRESSION OF BLACK GLOBE TEMPERATURE 
ON DRY-BULB TEMPERATURE 
(Lafayette, summer 1956) 


Hour Regression equation 


G.T.=1.104(D.B.) + 6.194 
12 m. G.T.=1.104(D.B.) + 6.807 
1 p.m. G.T.=0.899(D.B.) +21.792 


2 p.m. G.T.=0.982(D.B.) + 13.937 


ll a.m. 


= 10—16 deg), this simple relationship will coincide with 
the multiple regression. 


The regression will be tested with data from the second 
year of observation, which are now available. 
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Fig.2 Regression of black-globe temperature on dry-bulb tempera- 
ture and At wind (solid lines) and on dry-bulb temperature alone 
(broken lines) (Lafayette, summer 1956) 
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Electricity produced by fuel cells powers 
this experimental tractor. Chemical reac- 
tions between a mixture of fuel gases and 
oxygen — largely propane — and an elec- 
trolyte within the cells produce 15 kw of 
electricity. The direct current goes through 
bus bars (the bright horizontal bars shown 
at right) to a compact controller which 
regulates the speed and direction of the 
tractor by controlling the amount of cur- 
rent reaching the 20-hp motor. 


NEW kind of tractor, which actually has no engine, 
has been developed by Allis-Chalmers Mfg. Co. The 
new tractor, although considered to be in its experi- 
mental stage, reportedly develops at least 3,000 lb of draw- 
bar pull. It derives its power from electricity furnished by 
1,008 fuel cells. These are joined in 112 units of nine 
cells each. The 112 units are arranged in four banks and 
electricity can be taken from any combinations of the banks. 

In operation, the fuel cell instantaneously converts 
chemical energy to electrical energy as direct current. The 
chemical energy is in a mixture of fuel gases — largely 
propane. In the fuel cell, the mixture of fuel gases is fed 
to the anode electrode and adsorbed by the catalyst on the 
electrode. It is activated there and reacts in the electrolyte. 
This reaction releases a stream of electrons (direct current) 
to the external circuit. 

Meantime, oxygen is adsorbed at the cathode electrode 
and it reacts with an electron from the external circuit and 
with the electrolyte, thus reforming the ion which was used 
up at the anode electrode. The overall reaction is the con- 
sumption of the fuel gases to yield water and carbon diox- 
ide and produce a flow of electrons (direct current) through 
the external circuit. 

The compact controller, measuring 8 by 11 by 21 in., 
regulates the electricity supplied to a standard 20-hp d-c 


Tractor Powered 
by 1008 Fuel Cells 


motor. The controller permits the tractor driver to regulate 
speed or reverse the tractor’s direction by moving two levers. 
Using the speed control, the operator places the four banks 
of cells in series or parallel, varying the amount of current 
going to the motor. To reverse the tractor, the driver moves 
the second lever, changing the polarity of the current flow 
to the motor. 


The tractor weighs 5,270 lb and carries its own fuel 
tanks. In fuel tests, it reportedly pulled a two-bottom plow 
for 17 minutes with twolb of propane, about equal to 
Ys gal of gasoline. 


The compact control unit mounts alongside the seat. 
It connects the four banks of fuel cells in series or in paral- 
lel to vary the current going into the motor. 


Specifications: 
Number of fuel cells: 1,008 
Fuel cell dimensions: 4 in. thick, 12 in. square 
Fuel cell voltage: approximately one volt open circuit 
Total electrical output: 15 kw 
Fuel gas used: a mixture of gases, largely propane 
Type of motor: standard 20-hp d-c 
Tractive power: 3,000 Ib at drawbar on dynamometer 
Tractor weight: 5,270 Ib. 
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. . . Systems Engineering 
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encies too numerous to mention here except 
in terms of categories. There are, for ex- 
ample, the immediate and fixed mechanical 
interdependencies, such as are found in the 
tractor-tillage unit. There are interdepend- 
encies in product form and quality; for ex- 
ample, whether the harvesting method pro- 
duces loose, chopped, baled, or pelletized 
materials determines the opportunities and 
limitations in subsequent materials handling 
and storage and usefulness in feeding. 
There are interdependencies in equipment 
use as given equipment units—for example, 
the tractor—are employed in successive stages 
of the process. Another form of inter- 
dependence is capital investment—in the 
form of machines or structures—of one time 
period, which may greatly influence tech- 
nical modifications in a later time period. 
Finally, the process is complex. All of the 
foregoing are “system” attributes. 


Many other systems of single-crop pro- 
duction could be described, and the concept 
is easily extended to multiple-crop produc- 
tion on a single farm. Even wider exten- 
sion beyond the farm gate may be suggested. 
There is, for example, a growing number of 
farm-supply services that affect on-farm op- 
erations and equipment. These include bulk 
feed delivery, custom services for the appli- 
cation of fertilizers and insecticides and for 
pruning and cultural operations, and so on. 
In the sale and distribution of farm prod- 
ucts, there are similar developments. Ex- 
amples are the use of tank trucks in the 
farm-to-market transportation of milk and 
the use of pallet-bins in coordinated grower- 
processor harvesting of fruits and vege- 
tables, their transportation, and their han- 
dling and storage at the processing plant. A 
less obvious but important influence is the 
growth of contract and specification buying 
by food processors and distributors whereby 
type and quality of product as well as on- 
farm production and cultural practices are 
specified. Finally, some observers foresee 
further growth of integrated production- 
processing-distribution operations under a 
single management such as are found in 
some portions of the canning industry and, 
more recently, in poultry production and 
marketing. 


In agricultural production and marketing 
there is evident need to coordinate the 
many individual operations and __ stages. 
With numerous alternative techniques for 
performing particular tasks in such systems, 
there is further need—under commonly ac- 
cepted criteria—to select from all such al- 
ternatives the particular operation and stage 
techniques that, as parts of a coordinated, 
unified system, will most satisfactorily meet 
prescribed goals. One way to accomplish 
this selection and coordination is to let the 
individual components fit themselves into 
the over-all scheme, and to a large extent 
this does happen. In contrast, the systems 
concept involves a deliberate search for 
knowledge of the system—its parts and 
their interrelationships—and a methodical 
pursuit of the optimum organization. 

In a planned approach to systems studies, 
two levels of activity may be defined: (a) 
systems analysis, involving the definition, de- 
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scription, and study of processes (their 
components and interrelationships), and 
the discovery of optimum relationships, and 
(b) systems design and development, in- 
volving research and development aimed at 
methods improvement at the level of indi- 
vidual operations and stages and the trans- 
lation of the results of systems analysis into 
plans of action. In agriculture these two 
phases involve the application of technology 
from many different fields. To the extent 
that they deal with materials, structures, ma- 
chines, energy, and their control they be- 
come a special interest of engineering. 


Systems Analysis 


A point of beginning in any approach 
to systems analysis is, of course, the selec- 
tion of performance goals and criteria. 
These will vary with the type of problem 
under study. Agricultural systems analysis, 
for example, might be aimed at minimizing 
soil loss, maximizing output, minimizing 
the costs of given outputs, or—if directed 
toward a solution for an individual firm— 
maximizing profit§. Such goals might be 
considered singly, or there could be a pri- 
mary goal subject to specified limitations in 
regard to other subgoals. One could have, 
for example, the single goal of maximum 
immediate output from given resources; or 
this goal might be conditioned by certain 
restraints as to acceptable levels of soil 
loss. In any event, the systems visualized, 
the criteria for judging them, and the opti- 
mum solution very likely will be different 
depending on the goals sought. Selection of 
goals and criteria is, therefore, a vital and 
first step. 

This introduces a second aspect. The ap- 
proach must emphasize the fact of numerous 
production stages with—in each stage—the 
possibility of two or more techniques for 
performing given tasks. In agricultural sys- 
tems studies, alternative techniques must be 
broadly defined to include different work 
methods and equipment, different soil and 
fertilizer treatments, alternative plant and 
animal strains, and so on. The central prob- 
lem of systems studies then is the identifica- 
tion of the techniques in each stage that 
will, in combination with similarly selected 
techniques in other stages, constitute an 
optimum organization. 

The complexity of this problem grows as 
the number of stages and alternative tech- 
niques increases. For example, assuming no 
restraints as to possible combinations of al- 
ternative techniques, a five-stage process 
with two alternatives per stage offers the 
possibility of (2)5 or 32 different combina- 
tions. With ten stages and two alternatives 
per stage, the possible combinations are 
(2)1° or 1,024; and, if there were four 
alternatives per stage in this process, the 
possible number of different combinations 
would total 37,179. 

With exceedingly simple problems, al- 
ternative forms of process organization could 
be compared on the basis of controlled ex- 
periment. Only a little growth in complex- 
ity, however, would make necessary the 

§$Many readers of AGRICULTURAL ENGINEERING 
doubtless would prefer to read ‘‘farm’’ rather 
than ‘‘firm’’ at this point. But as a business 
enterprise, a farm constitutes a ‘‘firm’’—or a 
part of one. Moreover, systems engineering in 
agriculture may involve different types of farm- 


related business enterprises as well as farms. 
Thus the broader category is appropriate. 
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comparison of many different alternative 
combinations. This might require in most 
situations hundreds, possibly thousands, of 
replications—totals that in comparisons of 
alternative systems through controlled ex- 
periment might generally be prohibitive. 
Moreover, the systems of interest generally 
involve operating procedures of entire farms 
and may extend beyond farm limits to in- 
clude activities in farm-services supply or 
in processing and marketing. Controlled 
physical experiment in such a sphere, even 
on a very limited basis, is likely to be 
difficult, costly, and unsatisfactory. 

A useful alternative to experimental com- 
parison of entire systems is the representa- 
tion and comparison of alternative systems 
through synthesis or ‘model’ building. 
Physical experiment in this procedure is 
applied at the level of individual operations 
and stages, i.e., the component parts of the 
process. From the results of such experi- 
ments there is obtained in regard to each 
operation detailed information as to equip- 
ment and method of performance, as to the 
type, timing, and rate of use of the various 
inputs, and as to quantity, type, and qual- 
ity of output. From such data estimates can 
be made of the type of inputs, their rate of 
use, and the costs of inputs in a particular 
operation or stage required to yield a par- 
ticular system output. This kind of deter- 
mination with respect to each operation and 
stage and with respect to alternative tech- 
niques in each stage provides a set of 
“building blocks,” which can be “assem- 
bled” in different combinations, each repre- 
senting an alternative system organization. 

If the framework of evaluation is cost 
minimization, comparison of estimated total 
costs of given outputs from all alternative 
technical combinations then provides a 
basis for selecting the optimum system or- 
ganization||. This procedure rests on an 
easily recognized function of engineering— 
the use of basic physical data to simulate 
through design a complex physical entity. 

While a research technique such as the 
above is certain to be less costly than an 
approach requiring physical experiment with 
complete systems, it too is likely—in the 
precise form described—to be a slow and 
expensive procedure. For an analyst at- 
tempting to apply it to complex processes 
there are appropriate simplifications and 
short cuts. 

One such simplification is to “factor out” 
variables not expected to have a significant 
impact on the end result. Such variables 
may be ignored in the analysis or assigned 
fixed values#. This possibility may be 
frankly recognized without degrading the 
quality or validity of the research technique 
proposed. It admits the impossibility of 
treating simultaneously - every conceivable 
variable. It is widely practiced in research 
and is an acceptable procedure, especially if 
the validity of the simplifying assumptions 
is later tested. 

On a conceptual basis, emphasis should 


For a more detailed description of this pro- 
cedure, see French, B. C., Sammet, L. L. and 
Bressler, R. G. ‘‘Economic Efficiency in Plant 
Operations With Special Reference to the Mur- 
keting of California Pears,’’ Hilgardia, Vol. 24, 
No. 19, July 1956, p. 579. 

#¥For support on this point, see Hitch, 
Charles, ‘‘An Appreciation of Systems An- 
alysis,’’ Journal of the Operations Research 
Society of America, Vol. 3, No. 4, November 
1955, pp. 466-481. 
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be placed on a broad view in systems an- 
alysis, part of which involves careful 
search for significant interdependencies 
among individual operations and stages. In 
practice, reasonable assumptions may be 
sought as to independence, at a practical 
level, between such components. In this 
way, the number of possible combinations 
of alternative techniques that must be con- 
sidered is greatly reduced. For example, in 
studies of “plant systems” for packing Cali- 
fornia fresh pears, this kind of simplification 
reduced the number of possible combina- 
tions from over 14,000 to only 43 combina- 
tions requiring comparison of alternative 
techniques. In this case, some obviously 
minor interdependencies were ‘factored 
out.”” Under some circumstances, this kind 
of judgment applied to an entire system may 
indicate effective work to be possible—and 
perhaps more practicable—if intensive effort 
is applied only to certain “subsystems” or 
stages. 

In further pursuit of the simplification of 
systems studies, extensive use may be made 
of existing engineering design data. Some 
such data will be available at the outset as 
standard handbook material and some may 
consist of standards developed in previous 
systems studies. Where physical experiment 
with respect to methods improvement for 
particular operations is undertaken, atten- 
tion may be given to the development of 
data useful in systems analysis. This aspect 
of simplification would, in fact, be directed 
toward creation ultimately of new handbook 
materials as an essential step toward more 
effective work in this field. 


Systems Development 


As described above, the major task of 
“systems analysis” is to describe and define 
a system and its components, and—largely 
within the boundaries of known techniques 
—to specify the optimum technical organiza- 
tion. This indispensable part of systems 
analysis has a counterpart in systems de- 
velopment where interest centers on im- 
provement in technique. 

In this phase, critical or high-cost op- 
erations would be subjected to special study. 
The procedures of work simplification—well 
enough known not to require description 
here—would be applied to such operations 
to eliminate unessential steps, improve the 
timing and sequence of operations, devise 
more efficient work methods, and suggest 
and develop improved equipment. 

The same searching examination would 
be applied to the system as a whole with 
the purpose of finding simplifications and 
“new technical bases for improvements in its 
organization. Still another important aspect 
of such work would involve consideration 
of changes in product form or the develop- 
ment of plant or animal strains susceptible 
to more efficient work methods than those 
presently available. 

An interacting role for systems analysis 
and systems development is evident in the 
above. Initially, data for systems analysis 
are obtained in experimental development 
and measurements applied to systems com- 
ponents. Systems analysis based on such 


(French, et al., op. cit., p. 594. 
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data may suggest improved forms of organ- 
ization of the component operations. It may 
also spotlight operations that are critical 
for the entire system, and intensive study 
applied to such points may lead to new tech- 
niques and to a new basis for systems 
analysis. 


Team Work in Systems 
Analysis and Development 

Specialization in science and engineering 
is doubtless responsible to a large extent 
for recent technological advances in all 
fields. And these two elements—specializa- 
tion and expanding technology—are the 
bases for growth in the development of ex- 
ceedingly complex man-made systems. They 
also are making systems analysis and de- 
velopment progresssively more difficult. On 
one hand, they provide, as well as make 
necessary, expanded sources of knowledge; 
on the other hand, they create new problems 
in communication among specialists. They 
make it increasingly difficult for an individ- 
ual worker to acquire the wide range of 
knowledge and skills required in systems 
studies or to acquire and maintain a com- 
prehensive view of broad systems problems. 
This is especially true in agriculture where 
it is necessary to deal not only with complex 
equipment systems, but to treat them as 
essentially complementary to other, perhaps 
more intricate, natural systems. 

These circumstances call for contributions 
from generalists with capacity and interest 
in dealing with broad concepts as well as 
from specialists of narrower orientation, but 
great depth in particular fields. They point 
ultimately to the research team as frequently 
the necessary approach to systems studies. 
As stated by one authority, “the concept 
from the engineering standpoint is the evo- 
lution of the engineering scientist, i.e., the 
scientific generalist who maintains a broad 
outlook. The method is that of the team 
approach. On problems of large-scale sys- 
tems, teams of scientists and engineers, 
generalists as well as specialists, exert their 
joint efforts to find a solution and physically 
realize it.” ** 

Having touched on the general aspects of 
systems analysis and development, thought 
should be given to several problems of ap- 
plication. Some of these are of special sig- 
nificance in the application of the systems 
concept in agriculture. 

One should first recognize that systems 
studies are of direct use primarily to in- 
dividuals responsible for the action or 
policy decisions of public agencies or private 
business firms. Business or public enter- 
prises able to participate directly in systems 
studies usually will be of large scale with 
responsibility for decision making concen- 
trated and well defined and with oppor- 
tunity for relatively precise specification in 
regard to both problem and solution. This 
scale is achieved in some areas of food 
processing and distribution. A _ different 
situation applies in agricultural production. 
Here aggregate agricultural industries or 
commodity groups may be very large. But 
individual firms, observed trends toward in- 
creasing scale of operation by the individual 
firm notwithstanding, frequently are small. 
Particularly in agricultural production, the 

**Goode, Harry H. and Machoi, Robert E. 


Systems Engineering (New York: McGraw-Hill 
Book Co., Inc., 1957), p. 7. 


AGRICULTURAL ENGINEERING * 


decision makers through whom systems 
improvement may be realized ordinarily will 
be individual farm or business owners whose 

operations are characterized by small-scale, 

diverse operating conditions and wide spa- 

tial distribution. These circumstances hinder 

the development of results particularized for 

the circumstances of an individual decision 

maker. They require that both studies and 

solutions usually be set in a relatively gen- 

eral framework, one able to provide gen- 

eralized solutions adaptable to particular 

circumstances. This—the generalization of 

solutions and their presentation—is an added 

challenge common to most lines of agricul- 

tural research and development. Its impact 

is sharper as more complex situations are 
studied, and so it has special significance in 

regard to systems studies. 

Another important consideration is the 
reliance necessarily placed on engineering 
synthesis (or on similar syntheses based on 
other disciplines) in evaluating alternatives 
and specifying the optimum system. This 
draws on the well-established concept of en- 
gineering design which is pure synthesis. 
It is a necessary approach because of the 
impracticability of subjecting complex an- 
alytical models of agricultural systems to 
practical operational test. 

The handicap of being unable to confirm 
engineering solutions through practical 
test might, in some circumstances, be eased 
through presentation of results of synthesis 
in a probability framework. This step, un- 
fortunately, is not easily accomplished. It 
would require attention to the variance of 
estimate for parameters relating to each 
component in the system synthesis and the 
development of a statistical framework for 
reflecting these variances in probability 
statements concerning the final result. While 
the latter is perhaps not an insurmountable 
task, it is not an easy one. Moreover, the 
requirement of probability estimates of 
individual parameters may not readily be 
satisfied. Measurement of labor require- 
ments on specific jobs, for example, would 
be a major part of most agricultural systems 
studies and numerous techniques of work 
measurement are available in industrial en- 
gineering for obtaining such data. But the 
results in industrial applications of these 
methods generally are not susceptible to 
statistical evaluationtt. This is likely to be 
true also of their use in agricultural studies. 
Useful results formulated outside a prob- 
ability framework are, however, possible, 
and continued work in this field may ulti- 
mately remove this handicap. 

Systems engineering needs also to recog- 
nize the possible effects of risk and uncer- 
tainty concerning future events on optimum 
choices regarding any system that exists 
through time. These elements are significant 
because alternative systems ordinarily will 
involve choices between different types of 
equipment involving significant differences 
in both the magnitude and time span of in- 
investment. Risk and uncertainty may thus 
come to bear in different degrees on alterna- 
tive systems and so have to be considered in 
selecting an optimum system. 

Risk, if categorized as in economics, is 
easily disposed of. This is done by limiting 


+tFor example, Abruzzi, Adam, Work Meas- 
urement, New Principles and Procedures (New 
York: Columbia University Press, 1952), 290 p. 
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elements so classified to those unforeseeable 
future adversities for which probability dis- 
tributions are known. The category may 
include damage from fire or wind, for ex- 
ample, losses from which are subject to 
actuarial treatment and are insurable. In 
economic evaluations of alternative systems, 
allowance for these factors may be incor- 
porated as insurance costs and thus be per- 
mitted to influence choices made among 
alternative systems. 


Uncertainties—again using the economist’s 
classification—include unanticipated future 
developments for which no probability dis- 
tribution is known and for which there is no 
basis for prediction. Such events may in- 
clude future technological developments in 
engineering or in the plant and animal 
sciences which may make existing compo- 
nents technically obsolete, or they may in- 
volve future developments that lead to un- 
expectedly early economic obsolescence of 
particular agricultural systems. Regarding 
uncertainty, only limited direct service can 
be rendered by the analyst. His proper role 
is confined to solutions based on existing or 
predictable conditions or in demonstrating 
the impact of developments that logically 
may evolve from known or predictable cir- 
cumstances. Evaluation of uncertainty ele- 
ments is left to the judgment of the decision 
or policy maker. But the development of 
quantitative solutions, even though lacking 
considerations of uncertainty, narrows the 
area of reliance on judgment. In this a use- 
ful — even indispensable — service is per- 
formed by the analyst. 

The special problems in regard to prac- 
tical test of alternative systems, of statistical 
evaluation of results, and of dealing with 
risk and uncertainty need not consitute an 
immobilizing barrier. Useful results may be 
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farms for the first time. 


RUBBER-TIRED farm tractor weighing 10 tons and 
matched integral equipment such as a “pickup” 8- 
bottom plow have been developed by John Deere engineers. 
The new tractor, equipped with 3-point hitch and hydraulic 
controls of the type used on conventional farm tractors, re- 
portedly permits use of such huge, integral equipment on 


Power is supplied by a 6-cylinder, two-cycle General 
Motors diesel which develops 218 hp at 2100 rpm. It has 
4-wheel drive with the front and rear wheels mounted on 
separate units which are coupled together, permitting a turn- 
ing radius of 174% ft under full power. The two units can 
also oscillate independently on rough terrain. 

The manufacturer reports that tractors and matched 
equipment will be produced in time for the 1960 crop year. 

Equipment which will be available initially for the trac- 
tor, in addition to the 8-bottom integral plow, includes: 


developed in terms of “best available’ 
single-valued estimates of the values of in- 
dividual variables or in terms of end results 
based on ranges in likely values of in- 
dividual variables. The latter in particular 
may provide indications as to the range in 
likely outcomes, and these may be invaluable 
guides to judgments concerning alternative 
systems. 


Conclusion 


There are many different kinds of sys- 
tems. With some — where control is nar- 
rowly centered and interdependence among 
components very close—there is no escape 
from systems analysis and design. Systems 
planning must be comprehensive and com- 
plete or there is no performance. With 
other systems, such as those found in agri- 
culture, components—though interdependent 
—are more loosely knit together. Such sys- 
stems frequently evolve through cut-and- 
try practical experience. They often work— 
even with a fair degree of success—without 
broad systems analyses. The motivation for 
formally organized systems studies, then, 
may be merely opportunity for improvement 
in performance rather than compelling 
necessity. 

Systems in agriculture frequently, and to 
a growing extent, do extend beyond farm 
limits to include closely related services- 
supply or processing and distribution activi- 
ties. To an important degree, all these in- 
volve the employment and control of struc- 
tures, equipment, materials, and energy, and 
sO engineering is an important element of 
their study. 

But much more than engineering is in- 
volved. As in perhaps no other field, the 
application of technology from many differ- 
ent disciplines—from the economic, manage- 
ment, plant, animal, and soils sciences to 
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name only a few—is required. Rather than 
individual or even “cooperative’’ work, the 
research team may be a necessary approach. 
This may cause some concern as to the 
identity of the central or unifying discipline 
in such teams. It may even require a new 
kind of “specialist’—the scientific generalist 
who is broadly oriented with primary in- 
terest in system rather than component per- 
formance. A major role of the generalist 
would be to make the problem to be solved 
the unifying force in the research team 
rather than a specialized discipline. 


The systems concept involves a most 
careful search for interrelationships and in- 
terdependencies among interacting com- 
ponents. As these relationships are ex- 
plored, the boundaries of a given system, 
its complexity, and the difficulties in its 
study may grow at an alarming rate. This 
may force a search for simplifications. In 
this, full advantage should be taken of 
component flexibility, time lapse between 
successive operations, or other attributes 
present in agricultural systems to divide the 
total system at any point where significant 
interdependence is not found. Comprehen- 
sive systems analysis, with some aid from 
intuition and judgment, would be used to 
divide the total problem into segments of 
manageable proportions or of particular 
promise for intensive study. 

To some, the foregoing discussion may 
seem only to describe what is done now. 
This is in part true. The principal change 
implied is one of emphasis. If current 
trends in specialization, technological de- 
velopment, and scale of individual enter- 
prise in agriculture continue, greater prom- 
inence must be given to functions, processes, 
and systems as a basic orientation in agri- 
cultural engineering. 
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10-TON FARM TRACTOR 
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18 to 21 ft of offset disk harrow; 31 ft of tandem disk har- 
row; an 11-ft plowing disk harrow; 3-furrow, 2-way deep- 
tillage plow; a tool bar with various clamp-on tools includ- 
ing 5 to 7 16-in. chisels, 2 to 5 24-in. panbreakers, 1 to 3 
30-in. panbreakers; a 37-ft tool carrier with chisel points and 
sweeps; a squadron hitch for 34 to 46 ft of field cultivators; 
36 to 60 ft of grain drills and 60 to 72 ft of rod weeders. 


687 


vat she Ses \p oma TS SS Se ee 5S ot eee Sot Em = BE (OR apa So ‘ip a 
i Se em aa 2 Saas 1 ia. ne. i i epee Se see Gab ie & fe 5 Ae Nan eet ; 
ay Sy dl Bees eh © on gasria rhe, OR eee Pe ese! a t j ; . 
re ee ee Soo. a Res ae og ay Weg oo aes: Go: cate) epee tuehe os Riper 2 ee 
O57? eee a vo Bo" sea es See, |. Baan ages reas ae maak LN oe ae te er 
eta a ae i ti e a cia cM. eo: cot eee oe ae lt a ie 3 % 4 - 3 a 
a aa 
ier ‘ 
‘ee eaae 
a es 
5 ea 
Suis thle.” 
. eae 
ee eS Pinata? 
ries cae 
ar : EN. 
Aur ere 
ae 
gs, yl aN 
a ania ; 
8 he Ls 
Stas joe 
Bees 
2 ee See 
Ak pte 
areca 
‘ _ cee | 
Bees tad 
cea 
ee Le 
i, 
Saleem | 
=) 
Sey a ea 
oS eh ie 
Pen ae 
a 
oe a 
Fae eee 
forts <4 
ce Sore Estar) 
At oie 
Ae 
eee. 
as ee ae 
Mer eel 
BD ores cae.* 
veay a% ' 
ale 
coats . 
: 3 eer 
ih 392 iene 
bj aes eg 
ye i 
ji wea 
We i agudhah’ see 
é BR 
es 
Tame 
eval 
ac a Piet 
Fe ote 
a Sika 
pan te A 
ea ge 
i ain ee 
beeps 2 
BA ie ed 
og: Re 
Tee oe 
Sia 
ie 
ier a eae 
aS. 
Hy conten € 
ie 
at ee a — 
LE ae tg £ eg 
A [ues oe. 
Nee: . ee 
Ba Pe aoe riee aR ? Sie > > 4 
pall OO —— . a 
tf eee eS i ee aay ARS 
(jeer ee ae ght = a a a ee #. J 4 * " 
Lseea - , 4 ab “yee Po > a ae eae 
[irae 2 : “ ce 2! We ae, ae . Vs OE a 
a eet ene ’ i M > ia ie a \ oa ts 2 a " “ - 4 7 - 
SU eee ee wl - & 5 fe de pam SE ssa ea fe fe 3 1 
Pee ene ; te Ne ak oe is ae ea. ~ that 
TR eae i... _ ee a . 
eR ——— oS 1.4%) { * Se Se 
ee aR ae tT r Fl Sk Lh : am oe 
ere ee | eee 4 7 
Os ee ee RN CU Rs me Te oe = = 
Br cera ; eS OS eee ~~ 
Re Map eal A AD STR a eee Ea a Eee DORN ae - - ; 
ee Sage re aaeaenl at a - i || 
1 igen: in. Se — es (i —— ’ . 
geese * ee > 2: ® -g j g 
ee. ee wa 2S F 
plo cs So ¥ ; —— by ; . 
Rigi ’ . F Vig ns ' | 3 
Br Si) sete 3 : al a ~ = | 
ee = ae ee | | 
iti Bike : wre 4 A vr an ; 
Oa peas 3 g AT ts \ f x ie. . 
oh te 2 y 4 sai * a — 
etc | are i - ~ \ we , en — 
os aes EB a % 4 _ | 
Pah ey , 4 Pp << fF I a ee “a 5 —" 
on Es g bait a | v , - : cy 
ee Se am - aa Ww Be! oer ; 
Ree a — BP Se 4 4 ae 
deer Y tae ae 3 i —_ se 
Bic aaa si Bin. wa S ey. Oak it 
Be ie a . a wesley bail ‘aa 2 a ij 
Aca «Se ae i 
Re eae a EAN 
ees Stes 
es 
caeaee 
Sea ee 
iawn ten tf 
Be} ae 
Cotas Wie 23 
“eae <4 
Fe hag Be 
image 
Bae 
Ser ie: 
Sebo by 
ie ae 
Yr 
aug =| 
‘af ance 
a ee Ls 
replied ° 
a aa 
ei’ a 
Be 
BE aa 
ae # 
Be (i 
ey te 
ee 
+ Oe os ara - z a = ss aa fi Ss s F. Y ba bt 7 + 7 
eS Semen ena tere A tee , a heat Pagers Saar, ae ee Aare’ oy oe ep 
Bi: ree a io uy Seer heim ae WD. og ey jean eee ee a a S| (aaa Bs At ess ; : 
Goeeas bron ge ag . tikes. Tee aay | a iS age ot ae ote Wipemneeeerevne 7 ae t i : We 
pc Oy eae 4 ee eee ec : per ere’ Mens ae Peet ee ney Se 4 : 
Peer ere aa iy ek peg oe : he 3 ait” aad 18 be oe Re Ne Dig 2s i ae ieee wats ‘ } 
eee 5 i. a oF MOGs BERS eee 0) een ae a oe 
pi yaate a a ee ge Y a eS ee eee + Cae mo hS 
eRe eh oe Maree a . ba | aga . Pee: 2 i oa oe ate ei ae ‘Shel fe aby ae ; eh % F ‘ 
iene: ie of age ee an a ee ed Sate. ge ae ae eae «+> cata h: «en ate ; ae ‘ 
2 beet eee ae Ae, & Cele RR kc ake WT. 1) eet a ieee Meta St ae es ae ‘ 


1960 NOMINATIONS ANNOUNCED 


Nominee for President-Elect 


BYRON T. VIRTUE 


Nominees for Vice-President 


S. M. HENDERSON T. E. HIENTON 


Nominees for Councilor — 


Electric Power and Processing Division 


F. W. ANDREW J. B. STERE 


Nominees for Councilor — 


Soil and Water Division 


R. P. BEASLEY 


J. R. CARREKER 
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Nominations for elective officers of the 
American Society of Agricultural Engineers 
for 1960-61 have been reported by the 
nominating committee, R. K. Frevert (chair- 
man), R. E. Stewart, C. §. Morrison, Nolan 
Mitchell, and G. E. Spencer. Voting will 
be by letter ballot to be mailed to voting 
members in February. Closure of voting 
will be March 31. Again, during the 1960 
election, as part of the transition of reorgan- 
ization of the Council, offices to be filled 
will not correspond with vacancies caused 
by expiration of terms. Three Council va- 
cancies will result from the completion of 
terms by one past-president, one vice- 
president, and one councilor. In order that 
the council be increased from ten to eleven 
members one president-elect, one vice- 
president, and two councilors will be 
elected. The president-elect will serve on 
the Council one year before his term of 
office as president. The two councilors will 
be elected for two years and will be selected 
as representatives of technical divisions of 
ASAE. The nominees are as follows: 


Nominee for President-Elect 


Byron T. Virtue, a native of lowa, was 
born March 14, 1908, in Danbury. He also 
received his formal education in Iowa, 
graduating from the Mapleton High School 
in 1925; and receiving a B.S. degree.in agri- 
cultural engineering in 1931 and an MS. 
degree in agricultural engineering in 1932 
from Iowa State University. 

From 1931 to 1944 he served on the 
Iowa State University staff in a variety of 
assignments—research fellowship, extension 
service, resident teaching, and with the 
Agricultural Experiment Station. During 
the years 1944 and 1945 he was connected 
with Sears, Roebuck and Co. as senior proj- 
ect engineer. He became affiliated with the 
Torrington Company in 1945 as assistant 
chief engineer of the Bearings Division. In 
the years following, he was promoted to 
chief engineer, Bearings Division; then to 
general sales manager; and is at the present 
time vice-president of engineering. 

Mr. Virtue has been a member of ASAE 
since 1932, and served as chairman of the 
Power and Machinery Division in 1955-56. 
Also, he holds memberships in the Society 
of Automotive Engineers, American Society 
for Engineering Education, the Connecticut 
Society of Professional Engineers, the Na- 
tional Society of Professional Engineers; 
and is a charter member and treasurer of 
the Naugautuck Valley Chapter, Connecti- 
cut Society of Professional Engineers. He 
is a registered professional engineer in the 
state of Connecticut. 

He is also very active in his home-town 
community, Litchfield, Conn., where he is 
chairman of board of trustees, First Congre- 
gational Church; director, Torrington Ro- 
tary Club; served on building committee 
for three schools; is a member of the Coun- 
try Club and the Sanctum (a Litchfield 
men’s club). His name is listed in “Who's 
Who in New England,” and “Who's Who 
in the East.” 

He was married in 1929 to the former 
Marjorie Packard, and they have three chil- 
dren — Winifred, who is completing her 
fifth year of liberal arts and nursing pro- 
gram at Mt. Holyoke College and Hartford 
Hospital; Mary, who is a junior at Skid- 
more College; and Kenneth, who is a high 
school junior. Mr. Virtue has been issued 
several patents and has contributed technical 
articles and circulars in extension, research, 
and other sources. His hobbies include 
hunting, fishing, woodworking, and furni- 
ture repair. 
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Nominees for Vice-President 


S. Milton Henderson, who was born on 
a farm in Taylor County, lowa, in 1909, 
graduated from Simpson College, Indianola, 
Iowa, with a B.A. degree, in 1932. He 
earned a B.S. degree in 1939 and an M.S. 
degree in 1942 from Iowa State University. 

He was employed by Ford Motor Co., 
Detroit, as a chemist from 1933 to 1937 
and was associated with USDA, Ames, 
Iowa, working on research in grain storage, 
from 1938 to 1943. In the years following 
(1943-46) he was connected with research 
in farm structures at Iowa State University. 
During 1946 and 1947 he was a member of 
the agricultural engineering staff at the 
University of Georgia, teaching and doing 
research in power and machinery. At the 
present time he is professor and agricul- 
tural engineer, Agricultural Experiment 
Station, University of California, Davis. 

Mr. Henderson has been an ASAE mem- 
ber since 1940, and has been active on 
several committees including: chairman of 
the Agricultural Process Engineering Com- 
mittee; chairman of the Committee on Pro- 
fessional Engineering Registration; a mem- 
ber of the Committee on Graduate Instruc- 
tion; and also the Technical Data Commit- 
tee. He is at the present time a member of 
the Committee on Engineering Registra- 
tion, the Steering Committee of the Electric 
Power and Processing Division, and the 
vice-chairman of the Education and Re- 
search Division. His honorary fraternal 
memberships include: Alpha Zeta, Gamma 
Sigma Delta, Tau Beta Pi, Pi Mu Epsilon, 
Phi Kappa Phi, Sigma Xi, and Epsilon 
Sigma. He is also a member of ASEE, as 
well as being a registered professional en- 
gineer. His experience in the writing field 
is author or co-author of 43 papers and 
bulletins and one engineering textbook. 


Truman E. Hienton was born May 31, 
1898, and raised near Independence, Ohio, 
on a dairy and vegetable farm. He received 
a B.S. degree in agriculture from Ohio 
State University, in 1921; a B.S. degree in 
agricultural engineering in 1926, and an 
M.S. degree in agricultural engineering, in 
1937, from Iowa State University. The 
professional degree of agricultural engineer 
was conferred on him by Ohio State Uni- 
versity in 1938, and in 1950 Purdue Univer- 
sity conferred on him the honorary degree 
of D.Sc. 

During 1918 he served in the U.S. Army. 
From 1921 to 1923, he was extension agri- 
cultural engineer at the University of 
Nebraska and during 1924 held a similar 
position at Purdue University. From 1925 
to 1941, he was associated with the Agri- 
cultural Experiment Station, Purdue Uni- 
versity, as leader. of farm electrification re- 
search activity. He was also, from 1939 to 
1941, a half-time employee of the Bureau 
of Agricultural Chemistry and Engineering. 
From 1941 to 1946, he served in the U.S. 
Army as an officer. He took over the duties 
of his present position as head of farm 
electrification research in the Agricultural 
Research Division, USDA, Beltsville, Md., 
in 1946. 

He became a member of ASAE in 1921 
and was elected to the grade of Fellow in 
1938. His activities in the Society include 
the chairmanship of the Rural Electric 
Division (1932-33); member RE Division 
Steering Committee (1953-56); member, 
Nominating Committee (1941-42 and 
1951-52) ; chairman of a special Committee 
on Engineers’ Classification in Civilian and 
Military Service since its organization in 
1953. Mr. Hienton represented ASAE on 
the Policy Committee of Professional Agri- 
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cultural Societies (1954-57), and also as a 
member of the Scientific Manpower Com- 
mission, American Society of Agronomy 
and Soil Conservation Society of America 
(1954-55). 

He has been author or co-author of 
numerous publications including co-author 
of articles in USDA yearbooks for 1948 
and 1952 and senior author of an engineer- 
ing textbook. He is a Colonel (retired) in 
the Ordnance Reserve U.S. Army. 


Nominees for Councilor — 


Electric Power and Processing 
Division 

Frank W. Andrew was born July 15, 
1914, near Palmyra, Ill. He graduated from 
Blackburn College in 1934 with a B.E. 
degree, and earned B.S. degrees from the 
University of Illinois in 1938 and 1947. 

Mr. Andrew has been on the University 
of Illinois staff as extension agricultural 
engineer in farm electrification since 1946. 
He is best known for his work on automatic 
feed handling, grain and hay drying, ade- 
quate wiring, 4-H electrical project, and his 
exploits with the automatic tractor in cir- 
cle farming. He is a charter member of 
“Flying Farmers’ and has logged many 
hundred thousands of miles in private air 
travel, mainly for the Extension Service in 
IHinois. From 1938 to 1946 he was a self- 
employed farmer, and during this time 
developed a system of automatic spiral 
farming, for which he secured a patent. 

His membership in ASAE dates back to 
1947, and his activity with the Society has 
been in connection with the Extension Com- 
mittee, of which he has been chairman and 
also chairman and vice-chairman of Exten- 
sion Exhibits. 


James B. Stere is a native of Pennsyl- 
vania, his birthplace being Fleming and his 
birth date August 4, 1908. 

During the years 1936 to 1938 he held 
the position of agricultural engineer for 
West Penn Power Co. In’ 1948, he became 
associated with C. A. McDade Co. as an 
agricultural engineer. He accepted the po- 
sition of product manager of crop dryers 
for New Holland Machine Co., New Hol- 
land, Pa., in 1955, and is still with the 
company in this capacity. 

He has been a member of ASAE for 22 
years, becoming one in 1937. His partici- 
pation in Society activities have included: 
Past-president of Pennsylvania Student 
Branch; past-chairman of the Pennsylvania 
Section; and past-chairman of Electric 
Power and Processing Division. At the 
present time he is a member of the Electric 
Power and Processing Division's Steering 
Committee, and a member of the Hay Pel- 
leting Committee. 


Nominees for Councilor — 


Soil and Water Division 


R. P. Beasley, an ASAE member since 
1938, was born at Union, Mo., in 1913. He 
received a B.S. degree in agricultural engi- 
neering from the University of Missouri in 
1936. After graduation he worked for one 
year as drainage construction engineer and 
one year as drainage research engineer for 
the Bureau of Agricultural Engineering, 
USDA. In 1938 he returned to the Uni- 
versity of Missouri as research instructor in 
agricultural engineering and received an 
M.S. degree in 1941. He remained on the 
University staff until the present time, ex- 
cept for a 3-year tour of duty as a CEC 
officer in the 56th Naval Construction Bat- 
talion in the Pacific theater from 1942 to 
1945. Since 1946 he has been in charge of 
teaching and research work in erosion con- 
trol, irrigation and drainage at the Uni- 
versity. 


He is co-author of a textbook on erosion 
control, and a number of his papers and 
bulletins on soil conservation and irrigation 
have been published. He is a member of 
the honorary fraternity, Sigma Xi, and a 
registered professional engineer in Missouri. 

His ASAE activities include serving as a 
member of the Nomenclature Committee of 
the Soil and Water Division; vice-chairman 
of the Committee on Terrace Systems of the 
Soil Erosion Group; and past-treasurer of 
the Mid-Central Section. 


John R. Carreker was born on August 
15, 1908, in Cooks Springs, Ala. He re- 
ceived a B.S. degree in agriculture in 1930 
and an MS. degree in agricultural engineer- 
ing in 1933 from Alabama Polytechnic 
Institute. 


He completed a 2-year training course in 
rural electrification with the Westinghouse 
Electric and Mfg. Co. in 1932 and served 
as engineer and later superintendent of 
CCC camps, doing erosion control work in 
Alabama in 1933 and 1934. During the 
years 1934 to 1938 he was agricultural en- 
gineer on soil conservation demonstration 
projects in Alabama. In August 1938, he 
joined the staff of the Southern Piedmont 
Conservation Experiment Station at Wat- 
kinsville, Ga., as agricultural engineer. He 
served in that capacity until 1955, when he 
became station director. In 1958, he was 
appointed research liaison representative for 
the Soil Conservation Service and the Agri- 
cultural Research Service for nine south- 
eastern states, with headquarters at the Uni- 
versity of Georgia, Athens. He is serving 
in this same capacity at the present time. 

He was elected to membership in ASAE 
in 1931 and in 1955 was made a Fellow. 
ASAE committee activities and offices held 
include: Chairman, Georgia Section; vice- 
chairman, Southeast Section; Committee on 
Agricultural Hydrology; Committee on 
Farm Ponds and Reservoirs; Committee on 
Journal Paper Awards; Subcommittee on 
Terrace Specification; chairman, Erosion 
Control Group of Soil and Water Division; 
Steering Committee of Soil and Water Divi- 
sion; vice-chairman, Soil and Water Divi- 
sion. 


Nominees for Nominating 
Committee: 


Electric Power and Processing 
Division 

F. J. Hassler, professor in charge of 
graduate studies, agricultural engineering 
department, North Carolina State College, 
Raleigh. He has been a member of ASAE 
since 1947; has served as chairman of the 
Committee on Student Branches; and is 
presently chairman of the Committee on 
Graduate Instruction and a member of the 
Steering Committee, Education and Research 
Division. 


R. W. Kleis, head, agricultural engineer- 
ing department, University of Massachu- 
setts, Amherst. Since becoming a member 
in 1950, he has been active in the Connec- 
ticut Valley Section; as secretary-treasurer 
of the North Atlantic Section, and on its 
Farm Disaster Committee. He has also 
served on a national basis on the Committee 
on Feed Handling (chairman); on the 
Committee on Curriculum and Course Con- 
tent; the Materials Handling Conference 
Committee; the Committee on Forward 
Planning; and on the Steering Committee 
of the Electric Power and Processing Divi- 
sion. He was also an alternate delegate for 
ASAE to National Fire Protection Asso- 
ciation. 
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Farm Structures Division 


Alvin C. Dale, professor of agricultural 
engineering, Purdue University, Lafayette, 
Ind. He became an ASAE member in 1941 
and has served the Society as chairman of 
the Technical Data Committee and as a 
member of the Committee on Professional 
Registration; the Steering Committee, the 
Technical Data Committee, and the Stand- 
ards Committee of the Farm Structures Di- 
vision. At the present he is ASAE represen- 
tative on the ASTM Committee AS. 


Dennis L. Moe, head, agricultural engi- 
neering department, South Dakota State 
College, Brookings. He became a member 
of ASAE in 1948. He is also a member of 
the American Society for Engineering Edu- 
cation, and Alpha Zeta, honorary agricul- 
tural fraternity. 


Soil and Water Division 


K. H. Beauchamp, irrigation engineer, 
Engineering and Watershed Planning Unit, 
Soil Conservation Service, USDA, Milwau- 
kee, Wis., covering the nine north central 
states. His ASAE membership dates back to 
1947, and he has served ASAE as chairman 
of the Soil and Water Division, a member 
of its Steering Committee, and committees 
on Depth and Spacing of Tile Drains 
(chairman), Surface Drainage, Mechanical 
Application of Soil Conservation Practices, 
and Drainage Laws. 


John G. Sutton, drainage engineering 
specialist, engineering division, Soil Con- 
servation Service, USDA, Washington, D. C. 
He has been an ASAE member since 1927, 
and served as vice-chairman of the Soil and 
Water Division in 1956 and chairman in 
1957. He was chairman of the Drainage 
Group for several years, and has held num- 
erous assignmentr as member and chairman 
of drainage committees since 1935. 


Education and Research Division 


F. A. Kummer, head, agricultural engi- 
neering department, Alabama Polytechnic 
Institute, Auburn. He has been a member 
of ASAE since 1937 and was elected to the 
grade of Fellow in 1955. His activities in 
the Society include: Councilor; chairman, 
Southeast Section; chairman, Alabama Sec- 
tion; and chairman, Education and Research 
Division. 


F. W. Peikert, head, agricultural engi- 
neering department, Pennsylvania State Uni- 
versity, University Park. Becoming a mem- 
ber of ASAE in 1934, his activities in the 
Society have included serving as chairman 
of the Education and Research Division; 
vice-chairman and chairman of the North 
Atlantic Section; vice-chairman and _ secre- 
tary of the Michigan Section; numerous 
other ASAE committees ; and currently chair- 
man of the Student Recruitment Committee. 
He was also chairman of the 1955 Agricul- 
tural Engineering Teaching Seminar. 


Power and Machinery Division 


G. M. Eveleth, chief engineer, Rock 
Island Works, J. I. Case Co., Rock Island, 
Ill. He became an ASAE member in 1944, 
has been active in the Quad City Section, 
has served as vice-chairman and chairman 
of the Power and Machinery Division, and 
has been a member of its Steering Commit- 
tee. He also has served as ASAE Councilor. 


K. L. Pfundstein, manager, agricultural 
engineering division, Ethyl Corp., Detroit, 
Mich. He has been a member of ASAE 
since 1947, and has served the Society as 
chairman of the Michigan Section; chairman 
of the Public Relations Committee, and has 
been active in various other committees. 
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WINTER MEETING HIGHLIGHTS 


Winter Meeting Highlights 


The 1959 Winter Meeting of the Amer- 
ican Society of Agricultural Engineers will 
be held December 15-18 at the Palmer 
House in Chicago, Ill. Registration will 
begin at 2:00 p.m., Tuesday, December 15. 
Advance registration cards and hotel reser- 
vation forms have been mailed to ASAE 
members. Non-members interested in at- 
tending the meeting should communicate 
with the central office of the Society at St. 
Joseph, Mich., for information on accom- 
modations and the program of the meeting 
sessions. A Cabinet Meeting will be held 
Tuesday, December 15, at 7:00 p.m. in 
Exhibition Hall. 


Concurrent Sessions 


The programs will begin Wednesday 
morning with five concurrent sessions, 
which will include Power and Machinery, 
Program A on the design of machine com- 
ponents, and Program B on models and 
laboratory methods; Soil and Water on soil 
erosion; Farm Structures on shelter engi- 
neering in hog production; and joint Elec- 
tric Power and Processing and Farm Struc- 
tures on crop processing. The five concur- 
rent sessions scheduled for Wednesday 
afternoon will be: Electric Power and Proc- 
essing on lighting; Power and Machinery, 
Program A on tractors; and joint Power 
and Machinery and Electric Power and 
Processing, Program B on hay pelleting and 
wafering; Soil and Water on drainage; and 
Farm Structures on shelter engineering and 
management, and storage design. 


The subjects to be featured on the five 
concurrent sessions set up for Thursday 
morning are: Farm Structures, hot weather 
shelter engineering, and design improve- 
ments for timber frames; Electric Power and 
Processing, instrumentation and controls; 
joint Electric Power and Processing and 
Power and Machinery, Program A, equip- 
ment for crop handling and drying; Power 
and Machinery, Program B, general; and 
Soil and Water, irrigation. 

The Friday morning sessions will be de- 
voted to: Soil and Water on hydrology; 
Farm Structures on structural frame de- 
velopments and construction materials and 
performance; Electric Power and Process- 
ing on materials handling; Power and Ma- 
chinery, Program A on harvesting machin- 
ery; and Power and Machinery, Program B 
on chemical application equipment. The 
concluding sessions scheduled for Friday 
afternoon will cover: Techniques for high- 
speed motion pictures, Power and Machin- 
ery, Program A; air conditioning and plas- 
tics, Power and Machinery, Program B; 
pond water treatment, Soil and Water; 
farmstead engineering, joint Farm Struc- 
tures and Electric Power and Processing; 
and electric heating, Electric Power and 
Processing. 


General Session 

The General Session, to take place Thurs- 
day afternoon, will feature L. E. Grinter, 
dean of the graduate school, University of 
Florida, Gainesville, who will speak on 
challenges and trends in engineering educa- 
tion. The function of the research and de- 
velopment center in my company will be 
discussed by A. C. Quinn, manager, engi- 
neering test department, Tractor and Imple- 
ment Division, Ford Motor Co., Birming- 
ham, Mich.; W. W. Henning, manager of 
engineering, Farm Equipment Group, Inter- 
national Harvester Co., Hinsdale, Ill.; and 
D. R. Wielage, administrative assistant, 
John Deere Tractor Research and Engineer- 
ing Center, Waterloo, Iowa. Also featured 
will be Howard Mold, director of sales per- 
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sonnel, Minneapolis-Honeywell Regulator 
Co., Minneapolis, Minn., whose subject will 
be selling engineering viewpoints to the 
public. 


Extension Program 


The Extension Program will be held 
Wednesday evening, and all members work- 
ing in the area of public agency or commer- 
cial extension programs are encouraged to 
attend this program. Extension methods 
will be discussed by the ASAE Blue Rib- 
bon winners, which will be followed by a 
panel discussion on the question “Who's 
responsible for engineering systems for the 
farm and why—Manufacturer? Consulting 
Engineer? Extension Engineer?”, with 
Robert L. Maddex as moderator. 


Research Committee Open Seminar 


The Research Committee Seminar will be 
held on Wednesday evening, with Eldon E. 
Sweezy as the opening speaker, on the topic 
“A Study of Managerial Concepts of Lab- 
oratory Type Organizations As Applied to 
Public Service and Industry.” Mr. Sweezy, 
under an Army research and study fellow- 
ship, explored current laboratory appraisal 
and control systems, to develop a body of 
managerial concepts to provide an effective 
appraisal process for management use. He 
visited institutions in the United States, 
Britain, Holland, and Switzerland, and by 
consultation with research staffs of Amer- 
ican universities formulated statements of 
managerial concepts. His presentation will 
be based on his findings during the study, 
and his experience as a research and man- 
agement administrator. A discussion will 
follow Mr. Sweezy’s address, led by R. S. 
Davidson, Battelle Memorial Institute, and 
K. W. Anderson, Deere and Co. 


EPP Luncheon 


E. O. George, vice-president, The Detroit 
Edison Co., will be the speaker at the Elec- 
tric Power and Processing luncheon, sched- 
uled for Friday noon. His subject will be 
“The Electric Car.” Tickets to the lunch- 
eon, at $2.00 each, must be obtained in 
advance (by Thursday night, December 17) 
from members of the EPP Steering Commit- 
tee, as the capacity will be limited. 


Conference on the 4-H Electric Program 


In conjunction with the ASAE Winter 
Meeting a Conference on the 4-H Electric 
Program will be held, Tuesday afternoon, 
December 15. “A Review of the Electric 
Program Today” will be the subject of a 
talk by A. V. Krewatch, chairman, 4-H Elec- 
tric Program Development Committee, and 
Harold Beaty, University of Illinois, will 
speak on the electric program and con- 
temporary education. Other topics to be 
covered are: “Why the National Commit- 
tee?”’ and “Plans for the 25th Anniver- 
sary.” A panel discussion on the topic 
“What Do We Need?” also will be in- 
cluded on the program. 


a 


A-C Farm Equipment Division 
Plans New Facilities 


New facilities for farm equipment engi- 
neering development and sales training are 
being planned by the Allis-Chalmers Manu- 
facturing Co., Milwaukee, Wis., for its 
Farm Equipment Div., on a 200-acre tract 
of land along highway 45 about 17 miles 
southwest of Milwaukee in Racine County. 
120 acres of the tract will be used for en- 
gineering development and the remaining 
80 acres for farm equipment sales training 
for home office, dealer and field personnel. 
Two one-story buildings will be constructed ; 
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members of ASAE on the experiment sta- | | 
4 a r eet aee ot ae 


E. O. George E. E. Sweezy 


Edwin O. George, vice-president, The Detroit 

Edison Co., will report on the electric car at 

the Electric Power and Processing Division 
luncheon, Friday noon. 


Eldon E. Sweezy, management officer and 
special assistant to the commanding officer 
and to the technical director of the Diamond 
Ordnance Fuze Laboratories, the Ordnance 
Corps’ specialized electronic ordnance labora- 
tory, will give the main address, entitled “A 
Study of Managerial Concepts of Laboratory 
Type Organizations as Applied to Public Serv- 
ice and Industry,” at the Research Committee 
Open Seminar, Wednesday evening. 


one to house an office and large sales train- 
ing classroom; the other to include an en- 
gineering component test, service, repair 
area, small machine shop, office and locker 
room. A test track will also be constructed. 
Plans also call for the eventual relocation 
to the new facilities of the test center the 
company now maintains on W. Cleveland 
Ave., several miles west of the West Allis 
Works, in Waukesha County. 


J. B. Davidson Scholarship 


Thomas L. Hanson, ASAE student mem- 
ber and an agricultural engineering student 
at Iowa State University, is the first recip- 
ient of the J. B. Davidson Memorial 
Scholarship. It will pay his educational fees 
for one academic year. He is a senior stu- 
dent in the agricultural engineering depart- 
ment, is married and the father of a son. 
His interests are in the areas of soil and 
water, and he expects to continue with 
graduate study in this area following his 
graduation next June. 


“Engineering Index’ Service 


World-wide technology is available in 
“Engineering Index,’’ whose staff reviews 
every issue of over 1,400 periodicals and 
society transactions, as well as a large num- 
ber of bulletins and reports of government 
bureaus, schools, institutes, and research 
organizations. For each article reviewed, 
the following information is printed on a 
3x5 library card: Subject heading classi- 
fication, title of article and name of author; 
name and date of publication; and a brief 
summary of the article. Subscribers to in- 
dividual divisions, which include 300 cate- 
gories, receive all pertinent abstracts once a 
week. Subscribers to the complete service 
receive their abstracts daily — about 30,000 
cards a year. At the end of each year, all 
abstracts are compiled into one large, bound 
volume, completely edited and cross-ref- 
erenced. Descriptive data and the cost of 
the divisional listings, as well as the annual 
volume, may be obtained by writing to: 
Engineering Index Inc., Engineering Socie- 
ties Building, 29 West 39th St., New York 
18, N. Y. 
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BEARING 


TEAR OUT AND PUNCH AS INDICATED FOR YOUR FILE 


These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
tical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


TEAR OUT AND PUNCH AS INDICATED FOR YOUR FILE 


O 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 


roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 
fatigue. Such a “Profiled” roller exhibits 
a great advantage in improved load 
carrying capacity, a most important 
bearing requirement. 


Under actual operating conditions, 
Bower “Profiled” roller bearings show 
a considerably longer life at higher 


One in a series of technical reports by Bower 


ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing require- 
ments. 


xwekk 


Bower engineers are always available, 
should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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New Experiment Station 
Building at Wooster, Ohio 


For the first time in its 77-year history, 
the Ohio Agricultural Experiment Station 
has special facilities on its Wooster campus 
for research in agricultural engineering, ac- 


cording to Director L. L. Rummell. The 
newly completed, $500,000 structure was 
dedicated on October 12 in conjunction with 
a meeting of the Ohio Section of ASAE. 

The modern offices, laboratories and shops 
provide facilities to study such problems as 
farm structures, irrigation, drainage farm 
machinery for planting, spraying and har- 
vesting crops, and farm power. A con- 
certed effort by Ohio and USDA research 
personnel will be made to solve knotty engi- 
neering problems of the farmer. This effort 
will be made easier since the USDA men, 
formerly located at Toledo, and the experi- 
ment station workers, until now at Colum- 
bus, will be housed in the same building. 
This will make possible the sharing of 
tools, equipment and techniques. 


Heading up the agricultural engineering 
program is Professor R. D. Barden. Other 


members of ASAE on the experiment sta- 
tion staff are: W. H. Johnson, associate 
chairman; Warren L. Roller, J. E. Henry, 
Glenn Schwab, Kenneth Harkness, B. J. 
Lamp, and Ronald Hill. USDA personnel 
to be located at the Station are ASAE 
members Frank Irons, Orve Hedden, and 
Ross Brazee. 


Location of the engineers next to Wil- 
liams Hall, the agronomy and forestry build- 
ing, will permit cleser working of engi- 
neering researchers with field crops men. A 
crop processing laboratory will be used for 
experimenting with drying, grinding, mill- 
ing, storing, and processing of grains. Big, 
space-consuming machinery, such as spray- 
ers, combines and tractors, will be housed 
and tested in a large unobstructed area 64 ft 
wide by 182 ft long. It is versatile enough 
to allow a wide range of research to proceed 
at the same time. Other features of the 
building include an environmental chamber 
where grain can be held until tested, a small 
equipment and components laboratory, an 
electrical control and instrument shop, a 
soils and water laboratory and a chemical 
laboratory. 

In connection with the dedication on 
October 12, the Ohio Section of ASAE held 
a meeting in the new building. National 
ASAE President L. H. Skromme spoke at 
the noon luncheon and also at the dedica- 
tion ceremonies. Visitors at the Section 
Meeting were J. L. Butt, executive secretary 
of ASAE; R. A. Palmer, treasurer of ASAE; 
W. M. Carleton, Assistant Chief, Agricul- 
tural Engineering Research Div., ARS, 
USDA; and H. A. Bolz, Dean of the Col- 
lege of Engineering at Ohio State Univer- 


New AE Building at Ohio Agricultural Experiment Station 
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A new agricultural engineering building at the Ohio Agricultural Experiment Station with 27,500 

sq ft of space will house offices, laboratories and shops to provide Station agricultural engi- 

neers with research facilities on the Wooster campus for the first time since the institution was 
established 77 years ago. 


BULLETIN 


As the Journal goes to press word has 
been received that B. Parker Hess, agri- 
cultural engineer, industrial sales depart- 


ment, Westinghouse Electric Corp., East 
Pittsburgh, Pa., passed away on October 
26. Further details will be carried in 
the December issue. 


sity. Nineteen students from agricultural 
engineering at the University also were 
present. There were approximately 70 in 
attendance at the noon luncheon. 


1960-61 NATO Research 
Fellowship Program 


The aim of the program is “to promote 
study and research leading to publication 
on various aspects of the common interests, 
traditions and outlook of the countries of 
the North Atlantic Alliance, in order to 
throw light on the history, present status, 
and future development of the concept of 
the Atlantic Community, and of the prob- 
lems which confront it.” A limited number 
of advanced research fellowships is offered 
for 1960-61 to candidates from member 
states. Grants are intended for well- 
established scholars, and awards will be 
limited to fellows working on_ projects 
of direct interest to NATO or to the 
Atlantic Community as a whole. Projects 
should pertain to historical, political, eco- 
nomic and social problems rather than to 
scientific questions. Applications should 
be submitted no later than December 1, 
1959. Forms and additional information 
on the NATO Advanced Research Fellow- 
ships may be obtained from Conference 
Board of Associated Research Council, Com- 
mittee on International Exchange of Per- 
sons, 2101 Constitution Ave., Washington 
25, D.C. 


Agricultural Engineer Status 
Maintained in Army 
Classification Changes 

Recent changes in Army personnel clas- 
sifications are covered in new issues of AR- 
611-211 and AR- 611-212. Several separate 
classification programs have been combined 
into one scientific and engineering personnel 
program. AR-611-211 spells out the op- 
eration of the program as applied to in- 


(Continued on page 699) 


On hand for the dedicatory ceremony for the new agricultural engineering building at the Ohio Agricultural Experiment Station were: (Left) left 
to right, W. M. Carleton, assistant chief, AERD, ARS, USDA; R. D. Barden, choirman of agricultural engineering dept., Ohio State University and 
head of the agricultural engineering program at the Station; L. H. Skromme, chief engineer, New Holland Machine Div. and president of ASAE; 


and C. L. Hahn, chairman of the Ohio Section of ASAE e@ 


(Right) left to right (seated) John Mercer, Ohio Agricultural Experiment Station; 


W. H. Johnson, assistant professor of agricultural engineering, Ohio Agricultural Experiment Station; (standing) J. P. Ditchman, rural lighting 
specialist, General Electric Co.; W. F. Keepers, executive secretary, Barn Equipment Association; R. C. Evans, product manager, New Idea Division, 
Avco Mfg. Corp.; P. G. Strom, director, agricultural extension and market development, American Steel and Wire Division 
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WHEEL-TRACK PLANTER AND WEED KILLER CUTS HIS COSTS 


C. F. Boon, of Lowpoint, Illinois, saves time and money 
with this combination seeder and weed-killer setup. He 
built a special axle extension to place the tractor’s front 
wheels 120 inches apart. The rear wheels are 40 inches 
apart. His four-row planter places the seed in the wheel 
tracks. Only the tracks provide a firm seedbed. This dis- 
courages weeds growing between rows. The rows themselves 
are sprayed with a weedicide carried in tanks on the tractor. 

Mr. Boon has cut his field operations to four per crop 


— plowing, planting and spraying, one cultivation, and 
harvesting. He plants both corn and soybeans with the 
equipment. 

Texaco District Sales Manager B. G. Ansorge (left) is 
talking to Mr. Boon about Advanced Custom-Made Havo- 
line Motor Oil. Mr. Boon agrees that Havoline is best. Its 
tough film wear-proofs engines for longer life, and it cleans 
as it lubricates. Farmers everywhere know that it pays to 
farm with Texaco products. 
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He relies on Texaco PT Anti-Freeze 


1959 « 


NOVEMBER * AGRICULTURAL ENGINEERING 


Progressive farmers like A. C. Hag- 
gard (on tractor) and his son Tony 
(right) of Phil, Kentucky, want 
only the best anti-freeze. They have 
found that Texaco PT Anti-Freeze 
Safe-T checks the engine’s cooling 
system 8 ways. Against freeze-ups, 
foam, boil-away and evaporation, 
rust and corrosion, hose rot and 
sludge deposits. Mr. Haggard gets 
top quality Texaco products and 
neighborly, on-time deliveries from 


L. T. Wheat, manager of the J. 
Heber Lewis Oil Co., Campbells- 
ville, Kentucky. 


¥ 


TUNE IN: TEXACO HUNTLEY-BRINKLEY REPORT, MONDAY THRU FRIDAY, NBC-TV. 
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Tennessee Section 


The 1959 annual meeting of the Tennes- 
see Section was held at the University of 
Tennessee in Knoxville on October 9 and 
10. Sixty-three agricultural engineers were 
registered. 

L. H. Skromme, ASAE president, and 
chief engineer, New Holland Machine Co., 
New Holland Pa., headed the list of speak- 
ers, his topic being “Let Us Cherish Our 
Heritage."” Other speakers included T. E. 
Hienton, chief, farm electrification research 
branch, ARS, USDA, Beltsville, Md. and 
Robert Rowe, manager, structures and engi- 
neering division, Doane Agricultural Serv- 
ice, Inc., St. Louis, Mo. The program theme, 
“Looking Ahead in Agriculture’’ was fur- 
ther developed by members of the Tennessee 
Section. A tour was conducted of the USDA 
Cotton Spinning Laboratory, U-T Research 
Electrification Laboratory, and U-T Poultry 
Housing Research Project. 

An important phase of the meeting was a 
report of the work of the Soil and Water 
and the Education and Promotion Commit- 
tees. Jack Liddell, chairman of the Soil and 
Water Committee, reported that this com- 
mittee has an important function to per- 
form in assisting the governor's water study 
group in preparing a report on the Tennes- 
see water situation. Bob Walker, chairman 
of the Education and Promotion Committee, 
outlined a three-point plan to increase the 
enrollment of agricultural engineering stu- 
dents at the University. C. W. Bockhop, 
head, agricultural engineering department, 
University of Tennessee, and outgoing chair- 
man of the Section, presided at the business 
meeting. The highlights of this meeting in- 
cluded a report by Houston Luttrell, chair- 
man of the Sharp Memorial Committee, 
stating that $500 has been contributed by 
friends of the late Professor M. A. Sharp, 
who headed the agricultural engineering de- 


New 1959-60 Officers of ASAE Tennessee Sec- 
tion. Shown left to right are: H. D. Sullivan, 
assistant products engineer, Memphis Works, 
International Harvester Co., chairman; Curtis 
H. Shelton, assistant professor of agricultural 
engineering, University of Tennessee, treasurer; 
and Jesse Hicks, Soil Conservation Service, 
Greeneville, vice-chairman. 


694 


partment at the University of Tennessee for 
many years. The sum will be used as a 
student aid fund to be known as the Sharp 
Memorial Fund for agricultural engineering 
students. 

The 1960 officers unanimously elected 
are: Herbert Sullivan, International Har- 
vester Co., Memphis, chairman; Jesse Hicks, 
Soil Conservation Service, Greeneville, and 
Frank McGregor, Cumberland Electric Co- 
operative, Clarksville, vice-chairmen; J. A. 
Mullins, assistant agricultural engineer, 
Agricultural Extension Service, Jackson, sec- 
retary; and Curtis Shelton, assistant pro- 
fessor, agricultural engineering department, 
University of Tennessee, Knoxville, treasurer. 


Quad City Section 


The Quad City Section will meet on No- 
vember 13 at the American Legion Club in 
Moline, Ill. The program will include talks 
on new developments in construction equip- 
ment, by Elmer Braker, product consultant, 
Construction Equipment Div., International 
Harvester Co., Melrose Park, Ill.; and on 
steel work construction of Moline-Betten- 
dorf suspension bridge, by J. B. Gibson, 
superintendent, Bethlehem Steel Co., Pitts- 
burgh, Pa. A movie entitled “Taming A 
New Frontier” will also be shown. 


Washington, D. C. Section 

On November 13, the Washington, D. C. 
Section will hold a meeting in Room 6962 
of the USDA South Building, 14th and 
Independence Ave., S. W., Washington, 
D. C. This will be a noon-time luncheon 
meeting, and the speaker, H. D. Bouland, 
structural engineer, Transportation and 
Facilities Research Division, AMS, will 
talk on the structures for handling and stor- 
ing farm products moving in marketing 
channels. 


Pacific Northwest Section 


At the annual meeting of the Pacific 
Northwest Section, in Ephrata, Wash., Octo- 
ber 14 to 17, the members voted to in- 
clude the Canadian provinces of Alberta and 
Saskatchewan, and the state of Montana 
into their Section. The new officers elected 
at this meeting are: R. S. Tait, chairman; 
Bob R. Andersen, first vice-chairman ; James 
L. Pearson, second vice-chairman; Keith T. 
Henson, third vice-chairman; Richard D. 
Appel, fourth vice-chairman; and Leonard 
M. Staley, secretary-treasurer. 


Georgia State Section 


The fall meeting of the Georgia State 
Section is scheduled for Nov. 13 and 14 at 
The University of Georgia Center for Con- 
tinuing Education, Athens, Ga. The subjects 
to be covered during the Friday morning 
program include: student agricultural engi- 
neering co-op plan and activities within the 
division; the challenge of product develop- 
ment; joint engineering and agronomy 
demonstrations with farm machinery; pre- 
cision placement equipment for fertilizer and 
seed; and deep tillage and deep placement 
of fertilizer on cotton and corn. 

On Friday afternoon the topics to be dis- 
cussed are: The watershed approach to soil 
and water conservation, construction of earth 
dams; the status of peanut irrigation re- 
search in south Georgia; results from seven 
cotton-corn high fertilizer irrigation demon- 
strations; and an electric program for 4-H 
summer camping. J. L. Butt, ASAE execu- 
tive secretary, will be the speaker at the 
banquet on Friday evening. 

The Saturday morning program will in- 
clude talks on some needs and accomplish- 
ments in agricultural engineering research 
in the Georgia coastal plains and on feed 
mixing and grinding on the farm for poultry 
and swine enterprises. The two-day session 
will be concluded on Saturday morning with 
a business meeting. 
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ASAE MEETINGS CALENDAR 


December 4— OKLAHOMA SECTION, Still- 
water. . 


December 16-18 — WINTER MEETING, Pal- 
mer House, Chicago, III. 


January 15—Quap City SECTION, American 
Legion Club, Moline, III. 


February 1-3 — SOUTHEAST SECTION, Birm- 
ingham, Ala. 


March 4 — Quap City SECTION, American 
Legion Club, Moline, Ill. 


March 24-25 — SOUTHWEST SECTION, Wash- 
ington-Youree Hotel, Shreveport, La. 


April 14-15 — PaciFic Coast SECTION, Ar- 
rowhead Conference Center of the Uni- 
versity of California. 


April 22 — Quap City SECTION, American 
Legion Club, Moline, Il. 


June 12-16—ANNUAL MEETING, Ohio State 
University, Columbus, Ohio. 
Note: Information on the above meetings, 


including copies of programs, etc., will be 
sent on request to ASAE, St. Joseph, Mich. 


EVENTS CALENDAR 


November 16-18 — Structural Clay Products 
Institute's Silver Anniversary Convention, 
Greenbrier Hotel, White Sulphur Springs, 
W. Va. For further information contact 
SCPI, 1520 18th St., N.W., Washington 
6, D.C. 


November 18-20 — Sixth Annual National 
Electric Farm Power Conference, West- 
ward Ho Hotel, Phoenix, Ariz. For addi- 
tional information write to Inter-Industry 
Farm Electric Utilization Council, Inc., 
P.O. Box 577, Washington 4, D.C. 


November 19 — American Grassland Coun- 
cil 1959 Business Meeting, Sheraton-Gib- 
son Hotel, Cincinnati, Ohio. For further 
information contact American Grassland 
Council, Box 30, Norwich, N. Y. 


December 2-4 — 46th Annual Convention of 
the National Warm Air Heating and Air 
Conditioning Association, Chase - Park 
Plaza Hotel, St. Louis, Mo. Detailed 
information may be obtained from the 
association headquarters at 640 Engi- 
neers Building, Cleveland 14, Ohio. 


December 3 — Farm Structures Day, Uni- 
versity of Illinois. Details may be ob- 
tained from D. G. Jedele, agricultural en- 
gineer, University of Illinois, Urbana, III. 


December 7-11—Smithfield Show and Agri- 
cultural Machinery Exhibition, London, 
England. Further details may be obtained 
from British Information Services, New 
York Offices, 45 Rockefeller Plaza, New 
York 20, N. Y. 


December 11- February 14—New Delhi 
World Agriculture Fair, New. Delhi, 
India. Additional information may be ob- 
tained by writing to Farm Equipment In- 
— 608 S. Dearborn St., Chicago 5, 
Ill. 


December 14-15 — Drainage Conference, 
Hanford Hotel, Mason City, Iowa. For 
further details, contact R. L. King, P. E., 
Mason City Brick and Tile Co., Mason 
City, Iowa. 


December 26-31—American Association for 
the Advancement of Science, 126th Meet- 
ing, Chicago. Section M (Engineering) 
will meet December 28-29. Section O 
(Agriculture) will meet December 28-31. 
Contact AAAS, 1515 Massachusetts Ave., 
N.W., Washington 5, D.C., for addi- 
tional information. 
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Extreme stress, misalignment, chaff and dust are 


field. Rollway Bearings are superior in metals, fit 


some of the job hazards that make a sealed solid and finish to most implement specifications. 


cylindrical roller bearing imperative in this New : : p 
Whatever your particular requirements might be: 


Holland baler. Also, farmers want low-maintenance 


either off the shelf, or special designs for special 


machines that need a minimum of lubrication. All 


problems—Rollway can supply the right bearing for 
these requirements were met by Rollway’s engi- 


the right job on tractors and farm implements. 
neers, who for more than 50 years have been de- 


veloping the practical out of the possible. And the price is right! 


Rollway Bearings are engineered especially for 
the range, speeds, load shocks and hours-of-continu- 


ous-service so important to the farm implement 


ENGINEERING OFFICES: Syracuse @ Boston © Chicago © Detroit » Toronto @ Pittsburgh ¢ Cleveland e Seattle e Houston @ Philadelphia @ LosAngeles ¢ SanFrancisco 
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John D. Cowsar advises he has accepted 
recently the position of sales manager with 
P-M Machine Co. of Bryan, Texas. In 
heading the sales department he will be han- 
dling nation-wide sales of the earth-ripper 
ditching machine and other allied products 
required by ditching contractors. He pre- 
viously was associated with American Coin- 


a 


J. D. Cowsar 


Meter Corp., also of Bryan, Texas, as op- 
erations manager. 

Cernyw K. Kline, extension specialist in 
agriculture at the University of Kentucky, 


NECROLOGY 


Marlay A. Sharp, retired professor of 
agricultural engineering at the University 
of Tennessee, passed away August 26. He 

was born on a farm 

=. near McCook, Nebr., 
on May 22, 1889. Af- 

ter graduation from 

the Hebron, Nebr., 


 - high school, he en- 
>: = gh school, he en 
q — y! tered the University 
t oa of Nebraska, where he 
<< I received a B.S. degree 
F in 1915. He earned 
_ an M.S. degree from 
me. <4 Iowa State University 

Ye ¢ in 1928. 
<a A After graduation 
its 2 Sharp from the University of 


Nebraska, he taught 
in the Winnebago, Minn., high school, from 
1915 to 1917; he served in the Naval Air 
Service in World War I; and he taught for 
one year in the Minneapolis, Kans., high 
school (1919-1920). During 1920 and 
1921 he was a specialist with the Nebraska 
State Board for Vocational Education; from 
1921 to 1925, he was state supervisor of 
agricultural education in South Dakota; and 
from 1925 to 1937 was assistant and later 
associate professor of agricultural engineer- 
ing at Iowa State University. In 1937 he be- 
came head of the newly-created agricultural 
engineering department at the University 
of Tennessee and remained there until 1956, 
when he resigned that post to become a 
research and consulting specialist in agri- 
cultural engineering for the Tennessee-ICA 
foreign aid contract at Madras Agriculture 
College and Research Institute, in Coim- 
batore, India. He returned to the University 
of Tennessee on January 1, 1959 and was 
retired on July 1, 1959. During 1941, he 
was a specialist in the “war training classes” 
for the U.S. Office of Education. In 1948, 
he spent three months in Greece, working 
on the farm machinery program in connec- 
tion with the American Mission for Aid. 
In this same year, he was apponted chair- 
man of a seven-man committee on the Farm 
Machinery Mission to Europe to survey 
European Co-operative Administration Re- 
covery Plan Nations. 

Mr. Sharp had been a member of ASAE 
since 1928. He also was a member of Alpha 
Zeta and Sigma Alpha honorary fraternities ; 
of Mason and Odd Fellow Lodges; and the 
First Presbyterian Church of Knoxville. He 
was co-author of two text books on farm 
mechanics and had also contributed articles 
to professional magazines. 

His survivors include his wife, Winni- 
fred; a daughter, Mrs. Maywin S. Lauder- 
dale; a son, Watson Marlay; and three 
grandchildren. 
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George E. Pickard, professor of power 
and machinery at the University of Illinois, 
Urbana, died October 3 at Burnham City 


5 ~~ Hospital, after col- 


lapsing at the Illinois- 
| Cause of his death 
: 
; 


Army football game. 
was attributed to coro- 
nary thrombosis. 

Mr. Pickard was 
born July 14, 1911, in 
Owen Sound, Ontario, 
Canada. He received 
a B.S. degree in agri- 


= cultural engineering 

‘ from Saskatchewan 

ve g@ University in 1934 
G. E. Pickard and an M.S. degree in 


1935 from Iowa State 
University. He was associated with Massey- 
Harris Co., Toronto, Canada, for 14 years. 
For 12 years he was chief engineer for the 
company in Paris, France. When Germany 
invaded France during World War II he 
was sent to a German prison camp. 

He came to the agricultural engineering 
department at University of Illinois in 1949 
as an associate professor and in 1951 he 
was made full professor. During a sab- 
batical leave in 1956 he was consulting en- 
gineer to the Hawaii Sugar Planters Assn. 

Mr. Pickard was listed in Who's Who in 
Engineering and in 1951 was recognized as 
the most outstanding teacher in agricultural 
engineering by students in the field. In 
recent years he had gained fame for work- 
ing on the adaptation of the combine for 
picking corn. 

He had been a member of ASAE since 
1934, and also was a member of the Ur- 
bana Presbyterian Church, Urbana Rotary, 
Sigma XI, Tau Beta Phi, Gamma Sigma 
Delta and was a registered professional en- 
gineer in Illinois. 

His survivors are his wife, Dorothy, and 
a son, William E., with the armed forces 
in Korea. 


Walter L. Brantley, Sr., owner of Brant- 
ley Machine Shop in Clewiston, Fla., died 
on October 23 at his home. He was born 
November 26, 1891 in Brewton, Ala. A 
machinist by trade, he was employed for 
several years by the United States Sugar 
Corp. in Clewiston, as superintendent of its 
Western Division shops. Subsequently, he 
went into the machine shop business for 
himself, in which he was engaged at the 
time of his death. He had been a member 
of ASAE since 1943. His wife, Nellie, 
survives, as do a son, Walter L., Jr.; a 
daughter, Mrs. Pearl Stephens, and two 
granddaughters. 

(Continued on page 697) 


AGRICULTURAL ENGINEERING * NOVEMBER + 


C. K. Kline 


J. P. Schaenzer 


advises that he is now located at Bogor, 
Indonesia, under the Technical Aid Pro- 
gram as a member of a Kentucky Contract 
Team at the University of Indonesia. His 
main objective will be to establish a De- 
partment of Agricultural Engineering and 
to develop the new Experiment Station farm 
which the University of Indonesia has just 
acquired; it was formerly a large rubber 
plantation that belonged to the Dutch. He 
will also do teaching in all areas of agri- 
cultural engineering. One of his first jobs 
is to set up a model farm shop and ma- 
chinery center. 


J. P. Schaenzer, agricultural engineer, 
Rural Electrification Administration, USDA, 
Washington, D. C., and his wife have re- 
turned recently from a 33-day escorted tour 
of Europe. They visited Germany, Austria, 
Lichtenstein, Switzerland, Italy, San Marino, 
Monaco, France, and England, and took 
many color slides of the highlights of the 
trip, as well as others of a rare and unusual 
nature. 


Walter M. Lovett has been promoted to 
division rurai engineer for the Georgia 
Power Co. and transferred to Augusta, Ga. 
He was formerly associated with the com- 
pany’s Athens, Ga., plant as a rural engineer. 


M. J. Morgan, formerly assistant pro- 
fessor of agricultural engineering at Wash- 
ington State University, has accepted an 
International Cooperation Association over- 
seas mission to Khartoum, Sudan. 


Jack T. Musick, who has been irrigation 
engineer at the USDA Experiment Station 
at Garden City, Kansas, is now associated 
with the Central Great Plains Field Station 
at Akron, Colo. 


Elmer E. Rigel, formerly an agricultural 
engineer with the Farm Credit Administra- 
tion, Salina, Kans., has accepted a position 
as engineer appraiser for the Federal Land 
Bank of Wichita, Kans. 


Zariel G. Tyson recently has accepted 
an overseas mission to Sudan. He previ- 
ously was an associate professor of agricul- 
tural engineering at the New Mexico A. and 
M. College, State College, N. M. 


James N. Sherwood, who unti! recently 
was electrical adviser for the Whitley Co., 
Rural Elec. Membership Corp., Columbia 
City, Ind., is now associated with the Na- 
tional Rural Electric Cooperative Assn. in 
Washington, D. C., as assistant manager of 
the power use section. 


Richard R. Steingas recently has ac- 
cepted the position of a design engineer 
with the Farm Equipment Research and 
Engineering Center of International Har- 
vester Co. at Hinsdale, Ill. He formerly was 
a design engineer with Minneapolis-Moline 
Company. 
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. . » Necrology 
(Continued from page 696) 


Aldert Molenaar, a member of ASAE 
since 1934, died suddenly on September 24 
in Rome, Italy, following critical brain 
tumor surgery. Mrs. 
Molenaar who lived 
in Pullman, Wash. 
received the news by 
cablegram. He worked 
with the United Na- 
tions Food and Agri- 
culture Organization 
in Rome and _ his 
family had lived with 
him there part of the 
time. He had visited 
his family in July. 

Mr. Molenaar was 

A. Molenaar born February 16, 
1902 in Schagen, Hol- 
land. He served for several years as irri- 
gation specialist for the USDA in Wash- 
ington, D. C., and in the early 1940's was 
located in Pullman, Wash., as a water util- 
ity technician for the USDA. He had also 
been a staff member at the University of 
California, as well as the University of Ne- 
braska. In 1947 he joined the Washington 
State University staff, as a professor in the 
agricultural engineering department. He 
resigned his post at WSU in 1951 to be- 
come an irrigation specialist with the FAO 
and his job took him all over the world. 
He was well known, not only as an irriga- 
tion authority, but for his work with 
students. He spent a great deal of his time 
helping agricultural students and others at 
WSU and was particularly interested in 
foreign students. Several years ago he spon- 
sored an immigrant family from Holland 
who are now citizens of the U.S. 


Mr. Molenaar was an active member of 
the Pullman Kiwanis Club and the Simp- 
son Methodist Church. Funeral services 
were held in St. Martinsburg, Holland, near 
his birthplace. A memorial service was held 
in Pullman, Wash. He is survived by his 
wife; one daughter, Barbara; and a son, 
Richard. 


L. M. Roche, western manager of Elec- 
tricity On The Farm Magazine, passed away 
on July 19. He was born April 16, 1905, in 
Carrollton, Ill. Mr. Roche joined the maga- 
zine staff in July 1929 and was associated 
with it nearly thirty years. He became a 
member of ASAE in 1945. His survivors 
are his wife, one son, and one daughter. 


Franklin H. Watson, Jr., agricultural 
engineer with the East Bay Municipal Util- 
ity District in Lodi, Calif., passed away 
July 4, in a Lodi hospital, after a brief 
illness. He was born on March 4, 1899 in 
Biggs, Calif. He graduated from the Uni- 
versity of California, College of Agricul- 
ture, in 1920, and had been associated with 
East Bay Municipal Utility District for 28 
years. He became a member of ASAE in 
1935 and had served as vice-chairman and 
chairman of the Pacific Coast Section. Mr. 
Watson was a member of the Lodi Rotary 
Club, the Woodbridge Golf and Country 
Club, American Legion Post of Lodi, and 
the Masonic Lodge of Biggs. He is sur- 
vived by a son, Franklin H., III, and a 
daughter, Mrs. Russell B. Adams, Jr., and 
five grandchildren. 
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Farm machinery requires a roller chain that is rugged, dependable 
and economical — a chain that never “gives up” in the middle of a 
job. ACME chains are engineered for tough work. Whether plough- 
ing, dragging, mowing, binding or threshing, they are made to give 
Positive power transmission — without friction loss or slippage — 
which results in savings. All ACME chains undergo rigid tests before 


leaving the plant to assure you of the utmost in quality and trouble 
free service. 


Call your nearest ACME Distributor for further details and assistance. They 
have the full cooperation of our engineering and production department. 


Write Dept. 9R 

for new 100-page 
illustrated technical 
catalog including new 
engineering section 
showing 36 methods of 
chain adjustments. 
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A pick-up type reel is an important contri- 
bution to the performance of any harvester 
—and the design of the right harvester- 
matched reel is a specialized problem. Why 
not employ our engineering skill and back- 
ground to help in this important phase of 
your overall harvester design? Drawing on 
our experience of over 25 years and many 


exclusive patents, we can engineer a pick-up 
reel tailored to the other design character- 
istics of your machine, and the crops and 
areas being served. As a leading producer 
of pick-up reels, we have the plant capacity 
and automated production lines to assure 
you of delivery at reasonable costs. Let 
us conserve your valuable engineering time. 


Also designers and manufacturers of harvesting machines for green peas, 
spinach, lima beans, mint, greens, pumpkins and other specialized crops. 


H. D. HUME COMPANY 2 


Mendota, Illinois 
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... News 
(Continued from page 692) 


ducted personnel. AR-611-212 outlines the 
qualifications required and military occupa- 
tional specialties included in the program. 

A previous issue of Army regulations, 
change 2 of AR-611-211, dated November 
13, 1956 identified specific qualifications for 
a number of scientific and engineering areas, 
including agricultural engineering. How- 
ever, AR-611-212, dated May 27, 1959 
indicates that graduates in “engineering (all 
fields)’ will be identified and reported. 

According to the Dictionary of Occupa- 
tional Titles (DOT), the existing classifica- 
tion used by the Armed forces, Agricultural 
Engineering carries the identifying number 
0-19.10 which is a sub-heading under 0-19, 
engineer, mechanical. AR-611-211, dated 
May 27, 1959, includes the following MOS 
(Military Occupational Specialty) in the 
Scientific and Engineering (S&E) Assist- 
ants’ Program; No. 409 Mechanical Engi- 
neering Assistant. 

The U.S. Office of Education of the 
Health, Education and Welfare Department, 
issues an annual list of “Undergraduate 
Engineering Curricula Accredited by the 
Engineer's Council for Professional De- 
velopment (ECPD).’’ The list includes 
those Agricultural Engineering curricula ac- 
credited by the ECPD. 

To secure appropriate consideration of 
his qualifications for technical work which 
may give good engineering experience, an 
agricultural engineer who is inducted into 
the Army should be familiar with the Army 
regulations, the DOT classification, and the 
Office of Education list. He will find it de- 
sirable to have with him a transcript of his 
credits as this means more to most of the 
classification personnel concerned than does 
the term ‘‘agricultural engineer.” 


ASEE Appoints 
Assistant Secretary 


W. Leighton Collins, secretary of the 
American Society for Engineering Educa- 
tion, has announced the appointment of 
J. W. Seyler as assistant secretary. In this 
capacity Mr. Seyler will be responsible for 
membership, regional activities, and a num- 
ber of special society projects. The con- 
tinued growth, and increased activities and 
responsibilities of the society made it nec- 
essary to increase the staff. A native of 
Illinois, Mr. Seyler received an M.S. degree 
in Civil Engineering from the University of 
Illinois, in 1950. After four years of en- 
gineering practice, he returned to the Uni- 
versity as a staff member, and is at the pres- 
ent time a professor in its Civil Engineer- 
ing Department. 


15th Annual Convention of SCSA 


The 15th Annual Convention of the Soil 
Conservation Society of America will be 
held at the Ontario Agricultural College, 
Guelph, Canada, August 28-31, 1960. The 
program will feature technical and semi- 
technical papers on the theme: New Tech- 
nologies in Land Resource Use. Additional 
information will-&e found in future issues 
of the Journal of Soil and Water Conserva- 
tion. For specific information write: Soil 
Conservation Convention, Department of 
Soils, Ontario Agricultural College, Guelph, 
Canada. 
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PROGRESS IN POWER 


TRANSMISSION 
CHAIN DESIGN 


Whitney introduced the first oil-impregnated, 
sintered steel bushing roller chain —a major 
advance in chain design. 


Not content with leading the field with the first sintered bushing chain, 
Whitney Engineers continued their exhaustive field research... carried on 
searching studies of the original sintered bushing chain in an effort to pro- 
duce an even better chain with optimum performance characteristics. Their 
work, coupled with recent developments in sintering technology, resulted in 
the development of MSL Chain—a completely new concept in power trans- 


mission chain. 
loday-.. 


WHITNEY MSL* CHAIN. . . a product of con- 
tinuing Whitney Research—is another giant 
step forward in chain technology because it 
advances and improves on the basic idea of 
oil-impregnated, sintered steel bushings in 
power transmission chain. 


Only Whitney MSL Chain with oil-impreg- 
nated bushings assures complete built-in 
lubrication at all three critical lubrication areas: 


Pin—Protective film of oil completely lubricates the 
live bearing area between pin and bushing, minimiz- 
ing wear by reducing metal-to-metal contact. 


Plates—Whitney oil-impregnated sintered steel bush- 
ings extend beyond surface of inside plates to act as 
lubricated thrust bearings, control clearance, and 
provide an oil cushion between plates, eliminating 
plate galling and seizing frequently caused by 
misalignment of sprockets. 


Sprocket Engagement—MSL Chain does not require 
rollers, as the tough oil film on the bushing surface 
provides smooth sprocket engagement, cushions 
impact and reduces drive wear. 


Inherent material characteristics of Whitney 
sintered steel bushings, plus bushing configura- 
tion that provides greater contact area between 
bushings and links, permit high interference fit, 
which pre-loads links and gives maximum 
fatigue resistance. 


el ae 
Whitney MSL Chain meets ASA Standards 

It is made in Standard and Extended Pitch types, and is completely inter- 

changeable with any similar pitch ASA Standard chain. For full details, 


write for MSL Catalog G1-59, or call your nearby Whitney Chain Distributor, 
who carries MSL Chain in stock for quick delivery. 


* Maximum Service Lite 
Whit Advanced Design is a Whitney Tradition 
] ne CHAIN COMPANY 
A Subsidiary of Foote Bros. Gear and Machine Corporation | pote Phe og sett 
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New Power Drive Calculator 


The Engineering Division of Atlas Chain 
& Manufacturing Co., West Pittston, Pa., 
has developed a new calculator slide rule 
for computing the proper roller chain for 
every type of drive. This new slide rule 
has been developed to supply design engi- 
neers and others responsible for specifying 
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Let“Wisconsin' 


" Engineers 


power drives with all necessary technical 
data for the selection of roller chain and 
sprockets. In easy step-by-step form it 
covers every factor. Step 1 covers the serv- 
ice factor and design horsepower. Step 2 
takes into consideration the horsepower and 
the number of teeth required in the driving 
sprocket. Step 3 shows how to select the 
sprocket size which will accommodate the 
drive shaft. Steps 4 to 8 include selection 
data on sprockets. Step 9 shows how to ob- 
tain total chain length in “pitches’’ with 
charts and actual problems in selecting the 
proper chain. Step 10 converts length in 
“pitches’’ to length in feet or inches utiliz- 
ing a slide rule. 

Each of these steps in the application of 
the right drive is done with a combination 
of six slide rules made into one large, 
handy calculator. Requests should be sent 
on company letterhead to Department C. 
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develop a complete power package 
for your equipment 


You start with a rugged, heavy-duty 
WISCONSIN AIR-COOLED engine. 
Compact and light-weight to reduce 
bulk and fit your equipment. High 
torque for load-lugging power. Air- 
cooling for all-weather serviceability in 
any climate, any weather, anywhere. 
Here are the “extras” available from 
Wisconsin to complete the ‘“‘power 
package” to most ideally suit your 
requirements: 

DRIVE: Centrifugal clutches; over- 
center clutch; clutch reduction with 
various ratios; reduction assemblies; 
adapters to take a spring-loaded clutch 
and transmission or torque converters. 
SPEED REGULATION: Your choice 
of many types of governor controls... 
hand-operated remote wire and lever 
controls; 2-speed agricultural controls 
(idle and load s ); provisions to 
mount controls of your own design. 


FUEL SYSTEM: Gasoline and LPG 
for domestic applications; alcohol, 
kerosene, No. 1 fuel oil or kerosene for 
export (or as specified). 


HYDRAULIC POWER: All Wisconsin 
4-cylinder models can be equipped 
with integrally-mounted hydraulic 
pump. 


ELECTRICAL EQUIPMENT: 6-and 
12-volt electric starters and generators 
for all models, 3 to 56 hp. Solenoid 
switches and automatic choke for re- 
mote or automatic starting. 


Let us help you build the right Wis- 
consin Engine into your equipment... 
power to fit the machine and the job. 
Tell us about your problem. We'd like 
to co-operate. For a briefing on the 
Wisconsin engine line, write for Bulle- 
tin S-237. 


World’s Largest Builders of Heavy-Duty Air-Cooled Engines 


Flanged Bearing Units 


Stephens-Adamson Mfg. Co., Sealmaster 
Bearing Div., Ridgeway Ave., Aurora, IIl., 
announces two new items: three-bolt and 
two-bolt flange bearing units. The regular 
“L” bearing cartridge with spherical O.D. 
is mounted in the one-piece malleable hous- 
ing providing strength with light weight. 
Design of the housing permits either flushed 
or recessed mountings for application flexi- 
bility and desired shaft extension with mini- 


mum overhang. Full housing contact is also 
provided under the bearing ball path. Self- 
alignment takes place automatically between 
the spherical O.D. of the bearing and the 
spherical I.D. of the housing. It is claimed 
the centrifugal-labyrinth seals retain the 
lubricant and prevent entry of dirt. The 
flanged units come prelubricated for life 
and are assembled and ready for immediate 
service. They are available in standard sizes 
¥%, through 1%g¢ in. 


Plunger Rollers for Balers 


Nice Ball Bearing Co., 30th and Hunting 
Park Ave., Philadelphia 40, Pa., announces 
development of a plunger roller for balers. 
The unusual feature claimed for construc- 
tion of this ball bearing is that it incor- 
porporates solid inner and outer races with 
deep, unbroken ball grooves and a full com- 
plement of balls. To combat the unusual 


amount of dust within the confined space 
of a bale chamber, a double buna N seal has 
been incorporated in the design of this bear- 
ing, which is claimed to effectively retain 
lubricant and exclude dust, dirt and mois- 
ture. All component parts of the roller and 
bearing are made of SAE 52100 steel fully 
hardened to withstand wear. 


Pole-Steel Building 


Inland Steel Products Co., P.O. Box 393, 
Milwaukee 1, Wis., has developed a new 
farm and commercial building that combines 
the advantages of steel with the advan- 
tages of the pole barn. Using the basic prin- 
ciples of the common pole barn, the new 
steel building requires no foundation and is 
simple to erect. In construction columns 
are set in holes dug in the ground. Concrete 
is poured in for stability. Steel rafters and 
purlins support the roof and wall panels, 
which are fastened with self-tapping screws. 
Structural elements are quickly assembled 
from formed steel sections delivered to the 


(Continued on page 702) 
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On all types of power applications —for every performance requirement — R/M 
Agricultural Belts have won the confidence of farm machine and equipment manu- 
facturers. For example, by using R/M’s patented Poly-V* Drive on the grain- ENGINEERED FOR FARM 
dryer shown above, Behlen Manufacturing Company was able to eliminate the EQUIPMENT DRIVES 


gear reducer formerly required with a V-belt drive to reduce blower speed. 
Results? A far less expensive power drive installation, longer belt life ... e R/ M AGRICULTURAL 
substantial reduction of vibration on the blower. V-BELTS 


, 7 “—_ : ’ ; Write for Bulletin 6868 
On harvesting machines and similar farm equipment drives, engineered features 


of strength, flexibility and long life built into Manhattan Agricultural V-Belts ® CONDOR WHIPCORD 
and Condor Whipcord Endless Belts also assure the day in, day out drive depend- ENDLESS BELTS 
ability that really pays off on the job! Manhattan belting engineers draw on more Write for Bulletin 6869 
than 60 years of rubber technology and experience to help you make your farm 


equipment drive as trouble-free as possible. @ R/M POLY-V® DRIVE 


Let Raybestos-Manhattan work with you to solve your power transmission drive Witte Sor Buliptin 041 


problems . . . and show you how R/M Agricultural Belts add “More Use per 
fe , “More Use Per Dollar” 
Dollar” to the equipment you manufacture. 


*Poly-V is a registered Raybestos-Manhattan trademark. Patented. 


RM-901 
BELTS * HOSE e ROLL COVERINGS © TANK LININGS © INDUSTRIAL RUBBER SPECIALTIES 


MANHATTAN RUBBER DIVISION — PASSAIC, NEW JERSEY 


RAYBESTOS-MANHATTAN, INC. 


Other R/M products: Abrasive and Diamond Wheels © Brake Blocks and Linings ¢ Clutch Facings ® Asbestos Textiles © Mechanical 
Packings @ Engineered Plastics ¢ Sintered Metal Products ¢ Industrial Adhesives © Laundry Pads and Covers ® Bowling Balls 
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height of 8 ft. The building may be length- 
ened by the addition of any number of 16-ft 
bays. This modular design reportedly makes 
it possible to combine the various standard 
units 5,000 different ways. 


. . « New Products 


(Continued from page 700) 


Light-Duty Multiple V-Belt 


Manhattan Rubber Div., Raybestos-Man- 
hattan, Inc., Passaic, N. J., announces intro- 
duction of a new multiple V-belt specially 
designed for high-speed, small-pulley, power 
transmission applications. It will operate 
over sheaves as small as 0.8 in. pitch diam- 
eter. Pitch lengths range from 8 to 98 in. 
In addition to economy of operation, these 
advantages are claimed for this new belt: 
requires less space, outstanding performance 
with small sheaves, quiet vibrationless drive, 
positive tracking, durable operation, small 
mounting clearance and takeup require- 


AD EL ETT DT 


site. All pieces are said to be light enough 
to be handled and bolted together by one 
man. 

The basic building is a 24-ft clear span, 
32 ft long, with eave heights ranging am 
8 to 14ft. To this basic unit, up to six 
12-ft lean-to additions may be attached, 
increasing the width to 96 ft with an eave 


ments, overload slip protection, and good 
resistance to heat and oil. Descriptive bul- 
letin M142 is available on application to the 
company. 


New Steel Pintle Chain 


The Locke Steel Chain Co., 1230 Sabine 
St., Huntington, Ind., has developed a new 
type of steel pintle chain, designated as the 
"600" series, for application on a wide 
variety of industrial and agricultural ma- 
chines and equipment. The manufacturer re- 
ports that new patented design and auto- 
matic forming and assembly methods have 
made it possible to keep manufacturing 


Heavy Duty 
Spring Loaded 


Oil or Dry 
Multiple Disc 


Makes tractor independent 
of Power Take-off 


Using this Dual Drive Clutch from Rockford, your tractor 
can slow down for turning a corner, or for going up a 
grade, without affecting the productivity or speed of the 
Live Power Take-Off. No tiresome declutching and re- 
clutching of the tractor drive. This Dual Drive Clutch 
enables the harvesting unit to be controlled independ- 
ently of the tractor propulsion. No stops, no delays. 
Almost like having an extra engine on every machine 
used with the tractor. Let our engineers acquaint you 
with this special control of live power transmission. 


Heavy Duty 
Over Center 


costs low. The new chain is said to be 
designed for applications where adverse op- 
erating conditions, low maintenance require- 
ments, or use with cast sprockets are govern- 
ing factors. It is produced in four sizes 
(662, 667, 667-H and 672) to standard 
steel detachable chain pitches. In addition 
to the plain steel pintle chain, a number of 
attachment links are available for use in con- 
veying applications. Complete information 
on the new chain is offered in a new catalog 


° ° ° ° sere No. 60) available from the company. 
Gives dimensions, capacity tables and complete |=. : , mr 


De: FOR THIS HANDY BULLETIN =] 


== specifications. Suggests typical applications, 


ROCKFORD Clutch Division BORG-WARNER 


1325 Eighteenth Ave., Rockford, Ill., U.S.A. 
Export Sales Borg-Warner International — 36 So. Wabash, Chicago 3, Ill. 


Swivel Connector 


Eastman Mfg. Co., Manitowoc, Wis., 
offers a 90-deg swivel connector which is 
claimed to be capable of delivering hy- 
draulic fluid at any angle under adequate 
pressure, and thereby eliminating one of the 
most common causes of hose failure due to 
extreme flexing. It is said this connector 
will “follow” the travel of the equipment 

(Continued on page 704) 
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How 

would you 

advise 
him? 
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Left to right: Ronald Zeeb, Robert Maddex, Bernard Zeeb, Earl Haas, Robert Zeeb. | 


EXAMPLE: The Zeeb brothers, Bernard and Ronald, 

of Bath, Michigan, were operating a 276-acre farm | 

with 34 cows in a stanchion barn. When Bernard’s | 

son, Robert, returned from service and wanted to join | 

the farm partnership, the Zeebs called on F. Earl Haas, 

County Extension Director, and Robert Maddex, Ex- | 

tension Agricultural Engineer, for advice onenlarging —| 

their dairy operation. | 

The Zeebs built a new loafing barn, 56 x 70, and a | 

20 x 40 silo. The old barn was used for hay storage, | 

milking rooms and calf pens. A year later they added | 

a 30 x 98 hay barn and currently the Zeebs have a | 

milking room and milk house under construction, with l 

double 4 herringbone milking stalls. They can now | 
comfortably handle 75 cows and all plans are designed | HAY 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


MILK | MILKING 
HOUSE | ROOM 


HOLDING AREA 
( UNCOVERED ) 

\ 

1 

! 


LOAFING BARN 


for increasing the herd to 150. BARN 


YOU are the specialist farmers look to for advice in 
farmstead organization. Take advantage of the help 
you can get from Your Local Lumber Dealer. Get 
acquainted with him. His knowledge of building or 
remodeling procedures, and the technical material 
available from manufacturers through him, will prove 
very useful. 


“FEED (SILAGE) BUNK 


OLD STABLE OLD BARN 
(1 story) HAY STORAGE 


CALF PENS 


MATERNITY PENS 
SERVICE STALLS 


SEND FOR FREE BUILDING INSTRUCTIONS— With 
these complete directions, even the most inexperi- 
enced farmers and rural builders can erect well built 
general purpose farm buildings. These structures 
were designed by agricultural engineers at 
Michigan State University for clear-span widths 
of 24 feet, 30 feet, 36 feet and 40 feet. 


WEST COAST 
LUMBER 


Douglas Fir - West Coast Hemiock 
Sitka Spruce + Western Red Cedar 


WEST COAST LUMBERMEN’S ASSOCIATION 
1410 S. W. Morrison, Portland 5, Oregon 


Please send me your informational packet on Utility Farm 
Buildings in 24, 30, 36 and 40 ft. widths. Free. 


Use convenient coupon ie 
or write to West Coast , 
Lumbermen's Association, 
1410 S. W. Morrison Street, 


Portland 5, Oregon. Name_ 


Address_.- 
City <a 


Zone State 
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. . . New Products 
(Continued from page 702) 


HOW TO SELECT 
FLEXIBLE SHAFTING FOR 
POWER DRIVE APPLICATIONS 


ea rit eee ee Ce ee ve i 


on which it is used, thereby relieving flexing 
strain formerly absorbed entirely by the 
hose. Various combinations of stem for this 
connector can be interchanged with any body 
style. Ends which are presently available in- 
clude male pipe, hydraulic male, “O” ring 


1%-inch STOW Power Drive flexible shaft with core assembly pulled out of casing. 


For Power Drive applications, the following 
factors must be considered: 


1. Torque (Lb. In.) to be transmitted. 
(The starting torque should be used in mak- 
ing selections). 


2. Operating Speeds (RPM)—If the 
maximum speed is higher than the rated 
speed, torque ratings in the table below 
do not apply. To find the torque capacity 
for flexible shafts operating at speeds 
higher than the rated speeds, multiply the 
maximum dynamic torque capacity by the 
rated speed, and then divide by the op- 
erating speed. (See example). 


3. Operating Radius—in making the 
selection from the table below, the radius 
of the smallest bend in the flexible shaft 
should be used. 


MAXIMUM DYNAMIC TORQUE CAPACITY (LB. IN.) 


Ratings — The ratings for flexible shafts 
shown in the table below apply under the 
following conditions: 


1. When the flexible shaft is ade- 
quately supported by clamps along its 
length. (For unsupported shafts, multiply 
the calculated torque by a safety factor of 
1.6—see example below) 


2. When the flexible shaft is operated 
in the wind-up direction, which tends to 
tighten the outer layer of wires. (Flexible 
shafts operated in the unwind direction will 
transmit only about 60% of the rated torque). 


3. When the flexible shaft is in con- 
tinuous operation. Note: the ratings are 
based on temperature rise. When the 
operation is intermittent, the ratings 
in the table may be exceeded. Con- 
sult Stow Engineers for specific rec- 
ommendations. 


STRAIGHT AND CURVED SHAFTS 
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EXAMPLE — How to use the table: 


The problem is to transmit '/2 H.P. at 1700 
RPM through an unsupported flexible shaft in 
a 25” radius, estimated starting torque 150% 
of normal operating torque. 


1. Calc. Torque (ib. in.)— 
HP x 63000 —.5 x 63000 | 


— — 
2. Correction factor for starting torque 1.5 
x 18.5=27.75 


RADIUS OF CURVATURE IN INCHES 


Wot./ Core No. 
C. Fe. and Type 


30_| 1247128 | 2000 wn 
[45] _.148/.152_| 2001 MH 
7.0] .188/.189 "| 5108 MH 


.247/.252 8924 MH 
-308/.313 8925 MH 
.308/.313 8969 T 


368/.374 


387/393 


| 69407 | 
| _-610/.618 | 6997T | 
| _.747/.753_| 20561 | 
| 1.298/1.304 | 20587 | 


3. Correction factor for unsupported shaft 
27.75 x 1.6 == 44.4 Ib. in. 


4. Refer to Table above. Read downward in 
column under 25” radius until you find a 
core having a rating of at least 44.4 Ib. 
in. In this case we find that core No. 
8970 is rated 54\b.in. at 1500 RPM. 
Since the given speed is 1700 RPM, multi- 
ply 54 by 1500 and divide by 1700. 
54 X 1500 — 1700 = 47.6 Ib. in. (rated 
torque at 1700 RPM). Therefore, Core 
No. 8970 is correct. 


For Engineering Bulletin No. 570 and a free torque calculator, write 


STOW MANUFACTURING COMPANY 
39 Shear Street - 


Binghamton, New York 
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male, plus solid and swivel female, in sizes 
ranging from % through 1% in. It is ma- 
chined out of bar steel and plated for corro- 
sion protection. 


High-Capacity Crop Drier 


International Harvester Co., 180 North 
Michigan Ave., Chicago 1, Ill., announces 
a new high-capacity, transportable crop 
drier that simultaneously dries and cools 
wagon-by-wagon without having to shut 
down the machine. The drier is powered 
with a power take-off for use with any 
tractor above two-plow size. It is available 


with duct-attaching units for four wagons, 
enabling the operator to use one wagon in 
the field while the other three are con- 
nected to the drier or with one large duct 
for drying and aerating corn, grain or hay 
in the bin, crib or barn: It is built for one- 
man operation, and it is claimed that it 
will keep up with the farmer who harvests 
up to 1200 bu of corn per day. It can also 
be used to fast-dry chopped hay, sorghum, 
peanuts, rice, ear corn, baled hay and any 
grain crop. 


Pocket Soil Penetrometer 


Soiltest, Inc., 4711 W. North Ave., Chi- 
cago 39, Ill., announces its new model CL- 
700 pocket penetrometer for quickly de- 
termining bearing capacity of cohesive soils. 
The new features include a maximum re- 


cording ring on the barrel of the calibrated 
piston, a direct-reading scale in unconfined 
compressive strength or bearing capacity in 
tons per square foot or kilograms per square 
centimeter, knurled sections on the handle 
for easy gripping, and a new smaller com- 
pact size. 


——— 
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- MEMBERSHIP 
APPLICANTS 


The following is a list of recent applicants for 
membership in the American Society of Agricul- 
tural Engineers. Members of the Society are 
urged to send information relative to applicants 
for consideration of the Council prior to election. 


Bavers, Arthur A. — Proj. engr., Dempster 
Mill Mfg. Co., Beatrice, Nebr. 


Beebe, Raymond A.—Asst. proj. engr., Mas- 
sey-Ferguson, Inc. (Mail) 19830 Five 
Points, Detroit 40, Mich. 


Berreth, Marvin E.—Des. engr., eng. dept., 
John Deere Des Moines Works, Des 
Moines, Iowa 


Bigbee, Marvin L.—Engr. trainee, John Deere 
Des Moines Works. (Mail) 2014 Seventh 
St., Des Moines, Iowa 


Books, Maurice T.—Dev. engr., Danuser Ma- 
chine Co. (Mail) R.R. 3, Fulton Mo. 


Dumas, Raymond A.—Pres., R. A. Dumas 
Co., Inc. (Mail) 184 S. Main St., Ware- 
house Point, Conn. 


Ellenberger, James R.—Rural rep., Pennsyl- 
vania Power Co., Mercer, Pa. 


Engle, Henry B.—Farm sales advisor, Atlantic 
City Electric Co., 7 S. Broadway, Pitman, 
N. J. 

Farrell, Gerald J.—Graduate asst., Iowa State 
University. (Mail) 2820 L. Way, Ames, 
lowa 

Ferguson, Henry A.—Proj. engr., John Deere 
Tractor Res. and Eng. Center, Waterloo, 
lowa 

French, Ernest W.—Asst. agr. engr., North 
Dakota Agr. College, State College Sta- 
tion, Fargo, N. D. 

Griggs, Grady E.—Area engr., (SCS) USDA. 
(Mail) 611 Orleans St., Johnson City, 
Tenn. 


Hart, Joe—Sales mgr., irrigation div., R. M. 
Wade & Co., 1919 N.W. Thurman St., 
Portland 9, Ore. 


Jenkins, G. Willard—Jr. engr., product dev. 
dept., Deere & Co., Moline, Ill. 


Kawashima, Michiyoshi—Asst. prof. of agr. 
eng., agr. eng. dept., College of Agr. 
Utsunomiya (National) University, 350 
Mine, Utsunomiya, Japan 


Lehman, Robert C. — Jr. engr., John Deere 
Tractor Res. and Eng. Center. (Mail) 
1931 Orchard Dr., Cedar Falls, Iowa 


Long, Kenneth F.—Vice-pres., Technical Pub- 
lications, Inc., Div. of Implement and 
Tractor, 201 Graphic Arts Bldg., Kansas 
City 5, Mo. 

McCormick, Roy $. — Sales rep., Irrigation 
Equipment Co. (Mail) P.O. Box 163, 
Wheat Ridge, Colo. 


Maha, Arthur E.—Sales mgr., Ball and Roller 
Bearings Plant, Link-Belt Co., 7601 Rock- 
ville Rd., Indianapolis 6, Ind. 


Mangold, Duane W.—Instr. and res. assoc. in 
farm structures, agr. eng. dept., Iowa 
State University, Ames, lowa 


Merck, James K.—Graduate student, agr. eng. 
dept., Clemson College, Clemson, S. C. 
Miller, Merle t.—Proj. engr., res. des. dept., 
John Deere Tractor Res. and Eng. Center. 
(Mail) 421 Cornwall Ave., Waterloo, 
lowa (Continued on page 710) 
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AMOND 


ROLLER CHAIN 
... always ready for rugged duty! 


Grain Dryer 


John Deere’s Grain Dryer must operate continuously 
day and night during drying seasons . . . while the new, 
versatile Chuck Wagon mixer-feeder takes the hard 


work out of many jobs day after day. 


DIAMOND Roller Chain used on these and on farm 
equipment everywhere, is always ready for instant 
action. DIAMOND Chains are highly resistant to weather, 
dirt, shock loads and steady grinds. Only minimum 


care is needed. 


That’s why farm machinery manufacturers and users 
alike specify DIAMOND for stamina, power and economy. 


Its traditional high quality assures long, 
trouble-free service. 


DIAMOND CHAIN COMPANY, INC. 
A Subsidiary of American Steel Foundries 
Dept. 616 e 402 Kentucky Ave., Indianapolis 7, Indiana 


Offices and Distributors in 
All Principal Cities 


ee See ER 


Write for 
DIAMOND'S 
complete new 
Roller Chain 
and Sprocket 
Catalog. 
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Executive Public Speaking Techniques, 
by Harry Simmons. Cloth. 8%x5%_ in. 
XIV + 231 pages. Indexed. Published by 
Chilton Company, Book Division, 56th and 
Chestnut Sts., Philadlephia 39, Pa. $5.00. 

The book can be’ described as “a hand- 
book to executive success.’’ Chapters are 
designed to stress the practical and public 


relations value of good speaking ability. 
Section I deals with targets for executives 
as expressed in questionnaires ; Section II is 
concerned with building the executive's 
background; Section III itemizes and ex- 
plains many of the details of modern speak- 
ing techniques, with helpful hints, ideas, 
and suggestions. The author draws from 
his vast experience to prepare an effective 
guide to help executives in today’s vocal 
world. 


Primer of Lamps and Light, by Wil- 
lard Allphin, Cloth, 6% x 9% in. XI+241 
pages. Illustrated and indexed. Published 
by Chilton Company, Book Div., 56th and 
Chestnut Sts., Philadelphia 39, Pa. $10.00. 

This book covers: Incandescent, fluores- 
cent, and mercury lamps, and explains how 
they work and where to use them; light 


DENISTON 


S a ge, grey, Um s % bs 
(ae ek Pee ee an Se ef 
_oeE Wietal Roofing Nails 
GALVANIZED 
_ FINISH ONLY 


Designed to a Special Job 


No one type of nail is good for all types 
of duty. That’s why DENISTON de- 
signed a nail especially for use in applying 
metal roofing. One that would give a seal 
through which no moisture can penetrate. 


DENISTON ‘“‘Lead-Seal’’ galvanized 
metal roofing nails have proven their effi- 
ciency because of these advantages— 
“lead-seal’’, triple-lock, drive screw shank 
and heavily zinc-coated for protection 
against rust. With this combination you 
s get a nail that will easily last the lifetime 
of a roof. To insure superior quality, 
DENISTON ‘“Lead-Seal’’ nails are now 
available in galvanized finish only. 


All DENISTON nails are shipped in 
50 lb., 3-ply corrugated colorboard cartons. 
Descriptive literature will be sent immedi- 
ately upon request. 


Lead- 
Seal 


Triple- 
Lock 
and Bump 


Also furnished 
in RING SHANK ond 
STRAIGHT SHANK 


DENCO Lead-Head Metal Roofing Nails 


6,000 pounds of pressure is used 
to compress the lead cold, both over 
and under the steel head of the nail 
as well as down the shank. This in- 
sures a tight head that is impossible 
to knock off when driving the nail. 
In addition, the lead forms a perfect 
seal in the hole made by the nail. 
The heads will not ‘‘pop”’ off from 
the expansion and contraction of 

the metal roofing nor from wind 
ee vibration. 


32 Years of Quality Nails 


THE DENISTON COMPANY 


4876 South Western Avenue e« Chicago 9, Illinois 
IN CANADA: EASTERN STEEL PRODUCTS CO., LTD., PRESTON, ONTARIO 
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meters, miscellaneous lamp types, and 
hints on home lighting. Also included is 
information on how to make lighting calcu- 
lations and layouts. An added feature is 
the lighting calculation slide rule for ap- 
plying the mathematics of the lumen for- 
mula. The book should prove useful to 
lamp bulb salesmen, lighting salesmen, 
countermen, electrical contractors, students, 
building maintenance superintendents, elec- 
trical foremen, and architects. 


Bibliography on Methods for Deter- 
mining Soil Moisture, by Mark D. Shaw 
and William C. Arble. Paper. 8% x 10% 
in. 152 pages. Engineering Research Bulle- 
tin B-78, College of Engineering and Archi- 
tecture, The Pennsylvania State University, 
University Park, Pa. $2.00. 
and thermal. 


This survey of literature consists of 629 
references to technical papers and patents 
relating to soil moisture determination and 
measurement, with abstracts or brief sum- 
maries of their content. No attempt is made 
to evaluate the work or the methods de- 
scribed. References are grouped under the 
principal methods of soil moisture deter- 
mination: chemical, electrical, gravimetric, 
lysimeter, nuclear, penetrometer, tension, 


The Statesman’s Year-Book 1959, 
edited by S. H. Steinberg. Cloth. 5x7% 
in. xxvi + 1673 pages. Indexed. Published 
by St. Martin’s Press Inc., 175 Fifth Ave., 
New York 10, N. Y. $9.50. 

The 1959 edition is its 96th and contains 
information on topics that should be of 
interest to statesmen, economists,  statis- 
ticians, geographers, journalists, teachers, 
and students. In addition to usual informa- 
tion the book discusses the reorganization 
of France and the French Community under 
De Gaulle; Alaska as the 49th state; the 
organization of the United Arab Republic; 
latest available material on all the air forces 
of the world; the railway system of the 
U.S.S.R. (with reference to the railway 
system in China, first included in the 1956 
edition with a map); and complete revi- 
sion of material on Latin American coun- 
tries. Also included are comparative maps 
of the Panama, Suez, and the Kiel canals; 
and a map of the Dutch work on the Zuider 
Zee and Scheldt Delta. 


NEW FILM RELEASES 


A Sealed System for Haylage. 16 mm, 
23 min., color, sound. Produced by Har- 
vestore Products, A. O. Smith Corp. For 
copy write A. O. Smith Education and 
Training Dept., Milwaukee, Wis. 

A story about two farmers, one on vaca- 
tion while his neighbor cares for his farm 
which is equipped with sealed storage and 
haylage. During the absence of his neigh- 
bor he learns about sealed storage and ver- 
tical farming and its effect on profit and 
efficiency. 


Quack Grass, the Perennial Guest. 
Released by the Dow Chemical Co. Avail- 
able for free bookings to farm groups, 
schools, and others. Contact Modern Talk- 
ing Picture Service, 3 East 54th St., New 
York 22, N. Y. 

Agricultural losses to quack grass and the 
control of this weed grass are explained in 
this film, which likens quack grass to a 
burglar who has become a guest by being 
allowed to remain in farm fields. In crops, 
quack robs farms of profits through reduced 
yields, increased cultivation demands and 
often in decreased quality of crops pro- 
duced. In sequences filmed in the field, the 
picture shows the control of this grass in 
various crops with pre-plant, post harvest 
or in-crop applications. 
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No matter where you buy them, 
every gear order automatically 
involves three costs. 


1. The initial cost of the gears 
themselves 


2. The cost of installation 


3. The cost of service 


The second two bills—instal- 


EATON 


@. 


ee 


Pee cas. Scone arr 


ee 


GEAR BILLS come in “THREES” 


lation and service—can run 
much higher than the initial 
purchase price. That is par- 
ticularly apt to be true where 
corners are cut to make the 
purchase price low. 

We always strive to produce 
“Double Diamond” Gears at a 
low initial price. Even more 
important, they are made to 


GEARS FOR AUTOMOTIVE, FARM EQUIPMENT AND GENERAL INDUSTRIAL APPLICATIONS 
GEAR-MAKERS TO LEADING MANUFACTURERS 


_—_ 


ERE ne eRe 


standards which lower the total 
gear cost—purchase price plus 
installation plus service. It is 
that figure that interests us 
most. If it interests you, too, 
you may find it worth your 
while to consult a ‘““Double 
Diamond” engineer next time 
you're wanting gears of the 
many types we make. 


AUTOMOTIVE GEAR DIVISION 
MANUFACTURING COMPANY 


RICHMOND, INDIANA 
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AGRICULTURAL 
MATHEMATICS 


by Dr. Milo E. Whitson and 
v C. A. Elston 
California State Polytechnic College 


To manage a farm or ranch successfully today requires not only an under- 
standing of the soil and animal husbandry but also the ability to handle 
accurately the mathematics of agriculture. Mathematics enters into nearly 
every phase of agriculture: measuring formulae; maintaining financial, tax, 
and farm records; projection of yield; comprehension of federal and state 
agricultural statistics and reports; federal production regulations. $3.25 


FARM 
MANAGEMENT 
MANUAL 


A Guide to 
Reorganizing a Farm 


by Dr. Trimble R. Hedges, 
University of California, and 
Dr. Gordon R. Sitton, University of Oregon 


Decision-making is a primary function of successful farm management, 
and the authors summarize the basic economic principles and the decisions 
to be considered in modern farm technology. Sound and efficient use of 
resources, with maximum profits, is emphasized in planning and organizing 
the farm. $3.00 


Teachers of agriculture are invited to write for examination copies of these 
manuals for possible class use. 


N-P Publications 
850 Hansen Way, Palo Alto, California 


[_] Tenclose $3.25 for “Basic Agricultural Mathematics.” 
F I enclose $3.00 for “Farm Management Manual.” 


Name 
Address 


(Californians add 4% sales tax) 


{oh a 


Literature listed below may be obtained 
by writing the manufacturer. 


Roller Bearings 

Rollway Bearing Co., Syracuse 4, N. Y. — 
A new catalog giving information on the 
features, applications, and availability of 
the company’s nine principal lines of roller 
bearings. It describes general features of 
the bearings and indicates the range of sizes 
in which they are offered. Included also 
is a description of the company’s manufac- 
turing, research and development, design 
and testing facilities. Request for copies 
should specify product-line catalog PL-559. 


Chain Drives 


W hitney Chain Co., Hartford 2, Conn. — 
A 6-page folder MSLF 1-59 describing the 
company’s roller chain drives designed ex- 
pressly for farm machinery, and a roller 
chain products catalog (RCS 2-58) listing 
specifications and prices of roller chain 
products from stock. 


Gearmotors, Motogears and 
Fluid Drives 


Link-Belt Co., Dept. PR, Prudential Plaza, 
Chicago 1, Ill.—A 48-page book (No. 
2747) describing the functions of various 
types of drives with detailed selection data, 
dimensions, overhung load ratings and 
mountings. It contains detailed engineering 
and selection data, with service classifica- 
tions and application information. 


Cog and V-Belt Ratings 


Dayton Rubber Co., Industrial Products 
Div., Dayton, Ohio—Bulletin giving revised 
cog belt and standard V-belt ratings cover- 
ing its entire industrial multiple V-belt line. 
Horsepower ratings of cog belts are now 
established 200 to 300 percent of previous 
V-belt ratings. The new horsepower ratings 
are attributed to improvements in cord ma- 
terials and construction, rubber compound- 
ing, and method of fabricating the belts. 
The revised ratings are based on extensive 
field and laboratory tests. 


Chain Drive and Conveyor Handbooks 
Chain Belt Co., Milwaukee 1, Wis. — Two 
new handbooks, one on chain drives (bul- 
letin 59126), and one on chain conveyors 
and elevators (bulletin 59127). Both bulle- 
tins are pocket-size editions containing prac- 
tical information on how to install, operate, 
maintain and extend the life of chain drives 
and conveyors, and are well illustrated. 


Valve Catalog 


Rich Mfg. Corp., Battle Creek, Mich.— 
New 1959 catalog lists exhaust and intake 
valves in conjunction with other valve train 
parts for all 1958 and most 1959 models of 
passenger cars and trucks, including also in- 
dustrial and air-cooled engine applications. 


Mechanical Counters 


Veeder-Root, Inc., Hartford 2, Conn. — 
A 4-page condensed catalog of the com- 
pany’s standard mechanical counters, includ- 
ing its new high-speed electronic counters. 
Some of the company’s products of its in- 
strument-type counter division are also 
included. 


Plastic Pipe Folder 

Marbon Chemical Div., Borg-Warner 
Corp., P.O. Box 68, Washington, W. Va. — 
A folder describing plastic pipe for oil field 
service, irrigation and sprinkler systems, and 
potable water systems, describing advantages 
of acrylonitrile-butadiene-styrene pipe. 
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PERSONNEL SERVICE BULLETIN 


PERSONNEL SERVICE BULLETIN 


Note: In this bulletin the following listings 
current and previously reported are not repeated 
in detail; for further information see the issue 
of AGRICULTURAL ENGINEERING indi- 
cated. “Agricultural Engineer” as used in these 
listings is not intended to imply any specific 
level of proficiency or registration as a profes- 
sional engineer. Items published herein are sum- 
maries of mimeographed listings carried in the 
Personnel Service, copies of which will be fur- 
nished on request. To be listed in this bulletin, 
request form for Personnel Service listing. 


Positions Open—May—O-77-914, 49-915, 97-919, 
June—O-124-920, 131-922, 132-923, 135-926, 136- 
927, 137-928, 140-929, 140-930. July—O-170-931, 
177-932, 186-933. August—O-214-935, 215-936, 
217-938, 218-939, 212-940, 220-941, 223-942, 228- 
943, 228-944, 231-946, 231-947, 231-948, 247-949, 
259-950, 259-951. September—O-265-952, 219-954, 
264-955, 275-956, 285-957, 277-958, 286-959. Octo- 
ber—O-315-960, 323-961, 323-962, 324-963. 


Positions Wanted—May—W-83-15, 84-16, 98-20, 
100-22. Jume—W-103-25, 188-27, 112-28, 123-29. 
July—W-154-31, 178-32, 196-33, 190-34. August 
—W-199-35, 210-36, 224-37. September—W-249- 
40, 258-41, 245-43, 267,44, 269-45, 270-46. Octo- 
ber—W-307-47, 297-48, 321-49. 


NEW POSITIONS OPEN 


Agricultural Engineer for graduate assistant 
in research in an eastern land grant university. 
Choice of technical field within the department. 
BSAE or equivalent. Academic average for 
junior and senior years, 2.5 or better. Interest in 
research and desire to earn MS degree. Posi- 
tion available February 1, 1960. Eleven months 
duty and one month vacation. Salary $3,024 and 
tuition. O-327-964 

Product Design Engineers (8 or more) for 
farm and industrial equipment with leading 
broad line manufacturer in Midwest. Field 
includes design of tractors, loaders, scrapers, 
engines, hydraulic systems, and transmissions. 
Age 21-35. BSAE, BSME, or comparable ex- 
perience. Prefer men with some design experi- 
ence in this field. Expansion into new products 


Livestock shelter plus feed storage—Open shed for shelter and 
feeding is combined with totally enclosed area for hay and grain storage. A 48' x 48’ 
Stran-Master like this, in Stran-Satin Color, takes an initial investment of only 


25% down. 


g —— 


and modification of established products provides 
opportunity for advancement to higher engi- 
neering echelons. Salary $500-800 per month, 
depending on experience and ability. O-328-965 

Design Mechanical Engineer for work with 
manufacturer of small power equipment. Would 
devote time to design of new products and modi- 
fication of present products, together with neces- 
sary field testing. Southeast. Age up to 45. 
Engineering degree or demonstrated ability to 
handle the work. Prefer experience in design of 
gear boxes, together with some production ex- 
perience. Married, sober, and interested in 
permanent location in Southeast. Opportunity 
for broad experience in product design with 
small engineering department of established, 
growing company. Salary open. O-341-966 

Project Engineer to develop, design, and fol- 
low up production of farm grain drills. Design 
includes writing specifications and repair lists. 
Upper Midwest. BSAE or BSME. Farm back- 
ground. Some design experience. General 
knowledge of grain drills. Honest, clean cut, no 
physical handicaps. Opportunity for advance- 
ment to chief engineer. Salary $425 per month 
to start. O-320-967 


Agricultural Engineer for research in soil and 
water field with federal agency. Location South- 
east. Work as member of a research team on 
planning and handling approach to problems of 
improving wet lands of southeastern coastal 
plain for timber production and other use. Proj- 
ect is cooperative with pulp and paper com- 
panies. Will guide large programs of controlled 
drainage. Age under 35. MSAE or equivalent 
research experience in soil-water or land man- 
agement phases of agricultural engineering, in- 
cluding drainage, irrigation, or water manage- 
ment programs. Interest in and capacity for 
productive research. Excellent opportunity for 
young candidate for professional advancement. 
Salary $5280-7510 depending on Civil Service 
rating. O-346-968 

Farm Equipment Engineer for design, im- 
provement and testing of a complete line of hog 
feeders, fountains, stock tanks, and automatic 
equipment, with established manufacturer in 
Midwest. College graduate preferred. Farm 
background and experience in farm equipment 


design desirable. Must be able to work with 
sheet metal. Expanding company offering excel- 
lent opportunity for advancement and pay in- 
crease for right man. Salary open. O-353-969 


Field Promotion Representatives (19) for 
building material trade association. Promotion 
through calls on volume construction specifiers 
including architects, engineers, builders, large 
industrial users, retail lumber dealers, and 
jobbers. Also contact building code and govern- 
mental agencies. Current openings in 19 widely 
distributed centers in continental U.S. Men 
will generally be hired for locations nearest to 
present residence. Age 27-37. BS in agricultural 
or civil engineering, industrial design, or forest 
products, or substantial equivalent in technical 
understanding and knowledge of structural engi- 
neering. Several years experience with empha- 
sis On structures. Neat appearance, good charac- 
ter, able in both oral and written self expression. 
Genuine interest and potential for honest, ag- 
gressive promotion of high quality product. Op- 
portunity for advancement in field department 
and in fast growing industry up to individual. 
Salary open. O-352-971 

Agricultural Engineers for sales engineering 
work with distributing subsidiary for manu- 
facturer of metal drainage products and steel 
buildings. One or more openings in each of 12 
divisions in the United States and Canada, to 
expand operation to develop market potential. 
Call on engineers in construction field, and 
other factors in market for drainage products 
and steel buildings for industrial, commercial, 
and agricultural use. Age 25-32. BSAE, BSCE, 
or equivalent, with major in structures option. 
A few years experience in structures field. Usual 
personal qualifications for sales engineering. Ex- 
cellent opportunity in expanding organization. 
Salary open. O-358-972 

Service Manager, to establish a new sales 
service department. Age 35 to 45, with several 
years experience as a service manager in farm 
machinery at the factory or distributor level. 
Engineering degree desirable, but not necessary 
if offset by sufficient technical experience. Farm 
background important consideration. Must have 
the ability to train factory, distributor, and 
dealer service personnel. Parts supervision ex- 
perience desirable. Honest, clean living and 
integrity essential personal traits. This is an op- 
portunity for the right man to step directly into 
a key position in our organization. O-361-973 


(Continued on page 710) 


LOW COST 
ALL-STEEL FARM BUILDING... 


. NOW WITH BAKED-ON COLORS 


ee a ee 


ane 


ee Oe 


with choice of six colors. 


1959 * 


easy access to spacious storage area. Repair center and tool shop is in enclosed 
section at left. Initial investment of only 25% down for this 48’ x 64,’ Stran-Master 


Stran-Master, priced at less than many wooden 
pole barns, now offers a choice of six rich colors 
... blue, bronze, grey, green, rose, white or any 
combination. The factory-applied color coat- 
ings of vinyl aluminum are baked on to zinc 
coated steel panels. Keep their colorful good 
looks years longer. 


The multi-purpose Stran-Master serves most 
farm needs. Specialized buildings are also avail- 
able for poultry, hogs or grain storage. Stran- 
Master can be erected in a few days by dealer’s 
crew or your own. Five-year purchase plan 
available without affecting regular credit lines. 
Mail coupon for details or contact your nearest 
Stran-Steel dealer today. 


Dept. AE-3 


Detroit 29, Michigan ¢ Division of 


Dealers Everywhere 
pe eeseeeeeseweeenoeosoosesooececoces 
Stran-Steel Corporation 
Dept. AE-3 

Detroit 29, Michigan 


Send the new Stran-Master catalog and information 
on Stran-Satin Color. I’m interested in a building 
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STRAN-STEEL CORPORATION 


~ CORPORATION 
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. . . Personnel Service Bulletin 
(Continued from page 709) 


Agricultural Engimeers (several) for graduate 
assistantships, all subject matter areas of field. 
Research program can be arranged to meet in- 
dividual needs, desires, and capabilities. North- 
eastern land grant university. BSAE or equiva- 
lent, with above average scholarship. Genuine 
desire for individual study and investigation. 
Twelve credit hours course work per semester. 
Openings effective immediately. Salary $2000 
plus tuition. O-360-970 


NEW POSITIONS WANTED 


Agricultural Engineer for extension, teaching 
and/or research in any combination, in soil and 
water field, central or eastern U.S. Married. 
Age 24. No disability. BSAE, 195%; MSAE, 
1959, South Dakota State College. Farm back- 
ground. Summer work on construction. Re- 
search assistantship one year. Hydraulic engi- 
neer, stream flow analyzer, since receiving MS 
degree. Active duty for 6 months with Field 
Artillery to start in February 1960. Available 
for other employment August 20, 1960. Salary 
$7000. W-330-50 


Agricultural Engineer for sales, service, or 
management in power and machinery or soil and 
water field with manufacturer, distributor, farm- 
ing operation, or trade association. Any loca- 
tion, will travel. Prefer outdoor work. Mar- 
ried. Age 31. No disability. BSAE, 1951, 
Purdue University. Farm background. Two 
summers work experience with SCS. Military 
service 2 years, including 19 months as engi- 
neering assistant in research and development on 
wheeled vehicles, with Army Field Forces 
Board No. 2. Farm equipment design, 3 years. 
Currently with well surveying organization on 
electronic and radioactive logging of test wells 
for oil exploration. Available on 60 to 90 days 
notice. Salary open. W-278-51 


Agricultural Engineer for design and develop- 
ment of power and machinery, with manufac- 
turer. Any location. Married. Age 33. No 
disability. BSAE, 1950, Kansas State University. 
Farm and custom combining background. De- 
sign of self-propelled harvester equipment with 
major manufacturer, 6 years. Lead engineer, 
mechanical and hydraulic design, with manu- 
facturer of aircraft and missile ground support 
equipment. Active duty with navy, 2 years. 


Available on reasonable notice. 
W-284-52 


Agricultural Engineer for design, develop- 
ment, research, or writing in power and ma- 
chinery or product processing field, with manu- 
facturer, eastern half of U.S. Married. Age 27. 
No disability. BSAE, 1953, University of Maine. 
Dairy farm background, including owner 
operator 4 years. High school teacher 4 years. 
Military service 2 years, Field Artillery. Avail- 
able on 30 days notice. Salary open. W-335-53 


Agricultural Engineer for design, development, 
research, teaching, or writing, in farm structures 
or rural electric field, with industry or public 
service. Any location except Washington, D. C. 
Married. Age 26. No disability. BSAE, 1956, 
Iowa State University. MSAE expected 1960, 
University of Tennessee. Farm background. 
Research as graduate assistant on effects of 
plasma discharge on agricultural products, in- 
cluding design, development and testing of 
equipment, analysis and interpretation of results. 
Military service in Army 2 years, guided missile 
research. Available January 1960. Salary open. 
W-336-54 


Agricultural Engineer for design, develop- 
ment, or research in power and machinery with 
manufacturer. Any location. Southwest pre- 
ferred. Will travel. Married. Age 22. Wear 
glasses. BSAE expected January 1960, South- 
western Louisiana Institute. Farm background. 
Available February 1, 1960. Salary open. 
W-343-55 

Agricultural Engineer for design, development, 
research, or writing in power and machinery or 
farm structures field with manufacturer, pro- 
cessor, consultant, farming operation, or trade 
association. Location South or West. Married. 
Age 25. No disability. BSAE, 1957, Louisiana 
State University. Commissioned service in 
Marine Corps since graduation, as assistant di- 
vision engineer. Experience in construction, 
inspection, maintenance, tests, and report writ- 
ing. Farm background. Summer and part time 
experience while in college as scale man at rice 
dryer and elevator, laboratory assistant, and 
roustabout on offshore oil well drilling opera- 
tion. Available March 15, 1960. Salary $500- 
520 per month. W-329-56 


Agricultural Engineer for teaching and re- 
search in power and machinery, anywhere in 
U.S.A. Married. Age 29. No disability. BSAE, 
1952; MSAE to be completed in June 1960. 
Farm background. Graduate assistant and in- 
structor while working for MS degree. Available 
July 1, 1960. Salary $6000. W-363-57 


Salary open. 


. . Membership Applicants 
(Continued from page 705) 


Pal, Jhareswar, P.—Cornelgola, Midnapore, 
West Bengal, India 


Perkins, Roger M.—Asst. spec. in agr. eng., 
University of California, 2066E Eng. 
Bidg., 405 Hilgard Ave., Los Angeles 24, 
Calif. 


Reilly, John L.—Sales engr., Hyatt Bearings 
Div., General Motors Corp. (Mail) 1608 
Central Ave., Bettendorf, lowa 


Schaver, Warren H.—Salesman, Fafnir Bear- 
ing Co., 4640 N. Olcott, Chicago 31, Ill. 


Singer, John D.—Designer, John Deere Trac- 
tor Res. and Eng. Center. (Mail) 1510 
Maxine, Waterloo, Iowa 


Smith, Otis E.—Civil engr. (SCS) USDA, 
Box 628, Sebring, Fla. 


Trice, Richard H.—Rural engr., Virginia Elec- 
tric and Power Co., Box 511, Petersburg, 
Va. 


Wesely, Arnold A. — Engr. trainee, John 
Deere Des Moines Works. (Mail) 3839 
40th St., Des Moines, lowa 


Young, Sylvan K.—Res. and des. engr., Jacob- 
sen Power Lawnmowers. (Mail) 231 
Main St., Racine, Wis. 


TRANSFER OF MEMBERSHIP 


Eschenwald, Adolfo—Assoc. prof., College of 
Agr. and Mechanical Arts, University of 
Puerto Rico, College Station, Mayaguez, 
Puerto Rico (Affiliate to Member) 


Goss, Onno M. — Megr., farm equip. sales, 
Columbian Steel Tank Co., 1509 W. 
12th St., Kansas City, Mo. (Affiliate to 
Member) 


DesIGNED FOR MAXIMUM EFFECTIVENESS 


-of Grain Conditioning ... Fumigation... Storage 


{OLUMBIAN AAA GRABARY 


FOR FLAT GRAIN STORAGE 


Columbian Rigid Frame Buildings are 
constructed with specially reinforced side 
and end walls. Trussless design permits 
full use of interior space. 


- MASTER-CRAFTED 


Gr 


Columbian Red Top Grain Bins and AAA Granaries are 
tight — designed for maximum efficiency of grain storage and 
optimum effectiveness of fumigation and conditioning. Such 
features as factory assembled and sealed doors and door frames, 
modern sealing compounds for all seams and steel backed neo- 
prene washers for all bolts add extra tightness to Columbian 
master-crafted bins. As a result, they offer a more effective 
resistance to the entry of moisture and increase the moisture- 
reducing efficiency of natural air conditioning on corn, milo, 
soybeans, rice and other grains. 


* Columbian Perforated Floor Conditioning Systems 

are of flat or corrugated 16 gauge steel with 

10.5% of their area perforated. This ratio has ib 

been found to be most effective for efficient ae 

aeration. Columbian duct systems are easy to install and effec- 
tive in helping keep grain in condition. Columbian portable 
fan assemblies are available in a wide variety of sizes. 


WRITE for fully illustrated literature and specifications on Columbian Grain Bins 
and natural air conditioning systems. Also FREE Columbian Farm Equipment Catalog. 


COLUMBIAN STEEL TANK COMPANY 


P. O. Box 4013-W 


Reo US. 
Por. OFF 


AGRICULTURAL ENGINEERING 


Kansas City, Mo. 


We do contract steel fabrication 


* NOVEMBER + 1959 
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TEEJET SPRAY NOZZLES 

with ¢hoice of over four hun- 
dred interchangeable orifice 
tips. Every type of spray pat- 
tern. Write for Catalog 30. 


spray selection in shut-off posi- 
tion. Write Tor Bulletin 84. 


GUNJET SPRAY GUNS 

for pressures Up to 800 p.s.i 
Interchangeable tips for every 
use. Bulletins 65, 69 and 80. 


wee ee ee ee een ere 


BOOMJET SPRAY NOZZLES 
spray up to 66 feet wide for 
broadcast spraying with one 
nozzle. Bulletins 66 and /1. 


PRESSURE RELIEF VALVES 

dual spring assembly for tow 
and high pressures.. - write for 
Bulletin 83. : 


SUCTION STRAINERS 
withdraw liquid within 1” of es tek 
drum bottom. Write for Bulletin ear 
85. ms ar aw 
AND FOR ACCESSORIES OF ALL KINDS—CATALOG 30. 
SPRAYING SYSTEMS CO., 3226 Randolph St., Bellwood, Ill. 
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the BADGE 
of him who 
BELONGS 


ESPITE the presumption it sets up, 
mere membership in the American Society of 
Agricultural Engineers is no proof of a man’s 
high rank in technical talent. It does prove that 
he has met certain minimum requirements and 
has earned the esteem of colleagues who spon- 
sored his application for membership. 


But the Society emblem is evidence that 
native talent, be it great or small, is enriched by 
fraternity with the personalities whose minds 
fuse to form the pattern of progress in the 
methods and mechanics of agriculture. The 
wearer of the emblem waits not for the debut 
of an idea, but is present at its birth and helps 
to guide its growth. 

Be you novice or veteran, your membership 
in the organized profession adds something to 
your efficiency, your vision, your influence as 
an individual engineer. The Society symbol on 
your lapel is token that you “belong.” Wear it. 


STYLES AND PRICES OF ASAE EMBLEMS 


With blue ground for Fellows, Members, and 
Associate Members — furnished either in pin with 
safety clasp or lapel button — $3.50 each. 


With red ground for Affiliates — furnished only 
in pin with safety clasp — $3.50 each. 


Send orders to ASAE, St. Joseph, Michigan. 
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__— OUTSTANDING 
BOOKS 


ia: from 


McGRAW-HILL 


INTRODUCTION TO 
AGRICULTURAL ENGINEERING 


By H. F. McCOLLY, Michigan State University 
and J. W. MARTIN, University of Idaho. 


McGraw-Hill Publications in 
Agricultural Engineering 


553 pages, $7.75 


This textbook explains the importance of engi- 
neering in agriculture and the relationship of 
agricultural engineering to agricultural science. 
The subject matter is divided into eight topics. 
Both the fundamentals and the practical aspects 
of these topics are fully treated. 


The book includes sections on the development 
of agricultural engineering, agricultural me- 
chanics, farm power, farm machinery, rural 
electrification, processing agricultural products, 
farm structures and conveniences, soil and 
water-conservation engineering. 


Three hundred and thirty-five illustrations. 


* SEND FOR COPIES ON APPROVAL ¥* 


McGRAW-HILL BOOK COMPANY, inc. 


330 WEST 42nd STREET ° NEW YORK 36, N. Y. 
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Acme: Ghat: Comp. 697 
Aetna Ball & Roller Bearing Co. _. 647 


ee Se. COR 3 654 
Automotive Gear Div., Eaton Mfg. Co. 707 
Bearings Company of America Div., 

Federal-Mogul-Bower Bearings, Inc. 645 
Bower Roller Bearing Div., 

Federal-Mogul-Bower Bearings, Inc. 691 
eee foe 661 
Columbian Steel Tank Co. 710 
Dana Corporation 649 
Dayton Industrial Products Co., Div. 

of The Dayton Rubber Co. ___. 658, 659 
Deere eS Cones 643 
NN Sl 706 
Diamond Chain Co., Inc. 705 
Been iw, Gee 644 
Farm Fans, Div. of Ewing Foundry, Inc. 712 
Federal-Mogul Div., 

Federal-Mogul-Bower Bearings, Inc. 650 
RN tee 698 
International Harvester Co... 651 
Lincoln Engineering Co., Div. of 

McNeil Machine & Engineering Co. 653 
Link-Belt Company __.._ 3rd Cover, 657 
McGraw-Hill Book Co., Inc. 711 


b Ye 


. 


I 


_ Rain Bird sprinklers. 


There’s a world of satisfaction 
in the performance of Rain 
Bird Sprinklers. Send for free 
irrigation engineering data. 
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ere’s NO SUBSTITUTE 
for RAIN BIRD Sprinklers 


Only Rain Bird irrigation sprinklers have all the 
advantages that have made them famous the 
world over. Every Rain Bird sprinkler advance- 
ment has been field-tested...and in the field, 
Rain Birds never have been surpassed. For top 
yields...top quality ...there’s no substitute for 


ss 
ATIONAL RAIN BIRD SALES 
& ENGINEERING CORP. a. 


Azusa, California — 


RAINY SPRINKLER SALES 
609 West Le Lake Street, ‘Peor 


Index to Advertisers 


N-P Publications 
National Rain Bird Sales & Eng. Corp. 712 


National Seal Div., 
Federal-Mogul-Bower Bearings, Inc. 641 


Neapco Products, Inc. = 655 
New Departure, 

Div. General Motors Corp. __ 2nd Cover 
Raybestos-Manhattan, Inc. 

Manhattan Rubber Div. —.._-___ 701 
Rockford Clutch Div., 

Borg-Warner Corp, —..------- 702 
Rockwell-Standard Corp., 

Universal Joint Div. —..---- >>> 660 
Rollway Bearing Co., Inc. 695 


ADVERTISING REPRESENTATIVES 


New York 17 — BILLINGSLEA AND FICKE, 
420 Lexington Ave. LExington 2-3667 


Chicago 2—DwiGHT EARLY AND SONs, 100 
N. La Salle St. CEntral 6-2184 


San Francisco 5 — MCDoNALD-THOMPSON, 
625 Market St. YUkon 1-2245 


Los Angeles 5 — MCDoNALD-THOMPSON, 
3727 W. Sixth St. DUnkirk 7-5391 


Seattle 4 — McDoNALD-THOMPSON, 1008 
Western Ave. MA. 3-3766 


with 


uniform 


why leading bin 


ia, Mlinois, a 
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DRrRY-O-MATION 


DRY-O-MATION is drying in stor- 
age with supplemental heat added. 
It's the sure, safe way to accomp- 
lish perfect grain conditioning in 
the bin . . . automatically . . . with 
no handling. DRY-O- 
time and money for the farmer 
. .. makes him independent of the 
weather. He can harvest at the 
most favorable time; he can market 
when prices are best. DRY-O-MA- 
TION eliminates the hazards of 
fluctuating humidity .. . assures 
conditioning of every 
layer of grain with no over-drying. 
If you want to learn more about 


offer DRY-O-MATION as standard 
equipment, write us. 


Ross Gear and Tool Co., Inc... 652 
Spraying Systems Co. 711 
Stow Mfg. Company —.- 704 
8 Sa ore eae ad 709 
REESE eae ee Seale eee 693 
Timken Roller Bearing Co. ___. 4th Cover 
quae Due Cotcn Co. 662 
Victor Mfg. & Gasket Co. 656 
West Coast Lumbermen’s Assn. ____ 703 
Whitney Chain Co., Sub. of Foote 

Bros. Gear & Machine Corp... 699 
Wisconsin Motor Corp. = 700 


Portland 1 — MCDoNALD-THOMPSON, 404 
Times Bldg. CApital 2-5146 

Denver 3 — McCDONALD-THOMPSON, 620 
Sherman St. KEystone 4-4669 

Houston 6—McDOoNALD-THOMPSON, 3217 
Montrose Blvd. JA. 9-6711 


Dallas 19 — MCDONALD-THOMPSON, 2727 
Oak Lawn Ave. LAkeside 7-1324 


Advertising Manager: HARMON MULBAR, 
420 Main St., St. Joseph, Mich. YUkon 
3-2700 


0 


the advantages of 


AUTO HUMIDITY CONTROL 


SEE 
a 


———... 


MATION saves 


DRY-O-MATION 
leads in method 
development and 
equipment effec- 
tiveness with gas burners like this. 


Electric, too. This 
is the new Electri- 
Con—the unitized 
automatic electric 
grain conditioner. 
Designed for Heat- 
Air-Power balance; 
Fire-safe; weather 
protected. 


manufacturers 


5. Pennsyl 
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A story of unequalled chain uniformity... repeated 


in each link of STEEL LINK-BELT 


CHEMICAL ANALYSIS — Each heat 


of steel used in the manufacture of 
Steel Link-Belt chain is carefully 
analyzed for conformance to chem- 
ical and physical specifications. 


SPARK-TESTING makes sure each 
coil of steel is of the same analysis 
as the steel checked in chemical 
inspection. The spark pattern re- 
veals characteristics of the steel. 


HEAT TREATING — Close control 
of heat treatment — coupled with 
rigid, continuous testing — insures 
uniformity, high strength and wear 
resistance of every link. 


“TENSILE-TEST’’ INSPECTION — 
After heat treatment, material is 
checked for uniformity by “tensile- 
test” to see that it pulls up to 
catalog rating as a minimum. 


SPECIAL ANALYSIS STRIP STEEL — 
annealed when necessary for 
proper forming — is cut and 
formed into Steel Link-Belt by 
progressive dies. 


EQUAL LOAD DISTRIBUTION — 
Multi-strand chains are pre-loaded 
at factory for accurate alignment 
and attachment spacing. Matched 
sets are tagged, coiled and wired. 
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TS consistent high quality of Steel Link-Belt is no accident. 
Through the exhaustive procedures above, Link-Belt achieves 
exacting uniformity in every link. And this uniformity pays off 
in the field . . . assures dependable, long-life performance. 

Steel Link-Belt is available in 22 stock sizes for light- or 
moderate-strength drive, conveying and elevating service. 
Sixty-five attachments, both one piece and welded, permit low- 
cost adaptation to almost any need. 

Special hook design of Steel Link-Belt provides added bear- 
ing area for added life—also prevents accidental uncoupling 
during service. For the complete story on Steel Link-Belt, con- 
tact your nearest Link-Belt office. Ask for Book 2403. 
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CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, 
Chicago 1. To Serve Industry There Are Link-Belt Plants and 
Sales Offices in All Principal Cities. Export Office, New York 
7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs. 

Representatives Throughout the World. 14,901 
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ew McCormick No. 100 mower uses wrist-action 


(rive to cut vibration, give smoother operation 


Y using six of the new standardized, lower cost 

Timken® tapered roller bearings, International Har- 
vester engineers gained these big advantages in their 
new Model 100 mower. 

1) The “wrist-action” drive reduces vibration, permit- 
ting smoother, high-speed operation with longer life. 
2) The new Timken bearings are smaller, lighter, yet 
capacity-packed. They save space and weight, cost less. 
3) New Timken “Duo-face” seal bearings permitted the 
yoke to be made in one piece, improved design and cut 
costs. The “Duo-face” gives positive 2-way sealing (face 
and O.D.). And it cuts installation costs because bearing 
and seal are pre-assembled. 

Timken bearing applications are on the wobble shaft, 
flywheel shaft and oscillating yoke. Also, in the No. 100 
trailing model, the transport wheels are equipped with 
Timken bearings for fast highway transport. IH engineers 

pecified the new design Timken “green light” bearings, 
made by high-speed mechanization, to simplify design 
and get high load capacity in a small space. And by per- 
mitting indirect mounting of the wrist-action and flywheel 


NOT JUST A BALL) NOT JUST A ROLLER (7) THE TIMKEN TAPERED ROLLER (> 


i Vy 
BEARING TAKES RADIAL@) AND THRUST—{)— LOADS OR ANY COMBINATION--§)— 
' ' 


Timken® bearings simplify 
design and assembly, 
solve sealing problems 


shafts, where maximum stability is required, they let 
engineers take advantage of the effective spread principle 
of Timken bearings. (see above). 


To get smaller, more compact designs, more and more 
engineers are standardizing on Timken bearings. Their 
ability to take both radial and thrust loads and full line 
contact between rollers and races gives Timken bearings 
extra load-carrying capacity. Their true rolling motion 
practically eliminates friction, saves power and fuel. And 
because Timken bearings hold shafts concentric with 
housings, they make closures more effective in keeping 
dirt out, lubricant in. 

Timken bearings enable agricultural engineers to solve 
three big problems: 1) combination loads; 2) dirt; 3) 
ease of operation. Farmers get better, more economical 
machines. For help in designing new bearing applications, 
call our Sales Engineers. Send for free brochure, ‘““What 
Timken Company Sales and Service Engineers Can Do 
For You”. The Timken Roller Bearing Company, Canton, 
6, Ohio. Canadian plant: St. Thomas, Ontario. Cable: 
“TIMROSCO”. Makers of Tapered Roller Bearings, Fine 
Alloy Steels and Removable Rock Bits. 
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